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General introduction 

Venous thromboembolism (VTE) is a medical condition caused by the 

presence of a blood clot in the veins that could partially or completely occlude 

the vessel lumen. Deep vein thrombosis of the lower limbs and pulmonary 

embolism are the most common manifestations of VTE, representing the 

third most frequent cardiovascular disease, after myocardial infarction and 

stroke.1 VTE is a multicausal disease and its incidence varies widely depending 

on its etiology (provoked vs. unprovoked), the period of life to which it refers 

(pediatric, adult or reproductive, and older age), and if it is the first episode or 

a recurrence. The annual incidence of VTE is approximately 1 per 1000 

person-years 2,3, it is rare in children, and increases with age over 80 years up 

to 6-fold.2 About 25-30% of people with a previous VTE are at risk of 

recurrence 4, with similar rate between men and women.5 The overall 

incidence of VTE is similar between sexes 6, notwithstanding sex-related 

differences have been shown in incidence rate and clinical presentation 

according to the age group and sex-related exposures. Although male sex is a 

well-known risk factor for VTE, particularly at increasing age, women are at 

higher risk than men during reproductive age.2,7,8 Indeed, the increased risk of 

VTE in women during childbearing age is mainly attributable to female-related 

risk factors such as hormonal contraceptive use, pregnancy or puerperium 

(defined as the 6 weeks period after delivery). Sex also appears to modulate the 

presentation of VTE. Data from three registries showed a 10% more frequent 

pulmonary embolism in women compared to men.9 

Other than the most common manifestations, VTE may involve any 

district of the venous system and in 10% of cases can occur at such unusual 

sites as the deep circulation of the upper extremities (i.e., subclavian, axillary, 

and brachial veins), the splanchnic circulation (i.e., portal, mesenteric, splenic 

vein, and Budd-Chiari syndrome involving the small hepatic veins), cerebral 

circulation (i.e., cerebral veins and dural venous sinuses), renal, ovarian and 

retinal circulation. VTE at unusual sites is rare in the general population (1-5 

cases per million persons)10, but it is more common in other and some sex-

specific differences exist. This is valid in particular for cerebral vein 

thrombosis (CVT), whose estimated annual incidence is between 2 to 15 cases 

per million persons11-13, but it is a female-specific manifestation with a 

frequency 3 times higher in women than in men because of its strong 

association with oral contraceptive use and pregnancy.14 Historically, there are 

three factors, known as the Virchow’s triad that predispose to thrombosis: 

endothelial damage on the vessel walls, blood flow stasis and 
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hypercoagulability. The hypercoagulable state can be due to both acquired or 

inherited conditions. Inherited forms of hypercoagulability, known as 

thrombophilia abnormalities, are consistently associated with a 2- to 10-fold 

increased risk of developing VTE.15 They can be rare and severe as the 

deficiencies of the naturally occurring anticoagulant proteins antithrombin, 

protein C and protein S (0.2%-0.02% prevalence), or common and mild as the 

heterozygous mutation of factor V Leiden (3-7%) and prothrombin gene 

G20210A (0.7-4%). Acquired hypercoagulability is far more common and 

consists of recent transient inflammatory conditions such as surgery, trauma, 

or infection, and chronic inflammatory conditions (e.g., obesity, diabetes, 

autoimmune disease, cancer).  

Women have additional acquired provoking risk factors, such as oral 

contraceptives use, pregnancy, puerperium, and hormonal replacement 

therapy. The use of oral contraceptives or hormonal replacement therapy 

shifts the hemostatic balance to a procoagulant condition through increased 

plasma concentration of procoagulant factor II, VII, VIII, X, and fibrinogen, 

while natural anticoagulant protein S and antithrombin are reduced, as well as 

the fibrinolytic activity.16 Similarly, during pregnancy and puerperium, several 

hemostatic changes occur, inducing a physiological procoagulant state that 

reflects all the three elements of the Virchow’s triad. These changes probably 

indicate a protective evolutionary adaptation against bleeding at the time of 

delivery or miscarriage. Women on oral contraceptive are at 2 to 6-fold 

increased risk of VTE compared to non-users17 and pregnant women have a 

4-fold increased risk to develop VTE compared to non-pregnant women of 

similar age.18 Moreover, in 25% of cases during pregnancy, women may 

develop a pulmonary embolism that could be fatal in up to 11%.19 The 

concomitant presence of one or more risk factors for VTE during pregnancy 

(Figure 1) can further increase the risk. Additionally, the risk of recurrent VTE 

during pregnancy is increased in women who had had a previous hormonal-

related event 20,21 or in those with a personal history of VTE.22  
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Figure 1: Prothrombotic risk factors during pregnancy 

 

 

VTE during pregnancy could be a serious complication and constitutes a 

diagnostic and therapeutic challenge. As a result, the use of antithrombotic 

prophylaxis as preventive strategy during pregnancy deserves a separate 

discussion. Low molecular weight heparin (LMWH) is the mainstay of 

anticoagulation in pregnant women, because of its safety profile, not crossing 

the placenta. Several guidelines on the use of LMWH as anticoagulant 

prophylaxis to prevent pregnancy -related VTE have been produced by 

different hematological and obstetrical/gynecological scientific societies.23-25 

Moreover, women at increased risk of pregnancy related-VTE appear also at 

increased risk of other vascular obstetrical complications, that can lead to 

adverse pregnancy outcomes such as miscarriage, preeclampsia, stillbirth and 

intrauterine growth restriction.26-29 Although these complications can be in 

part explained by an impaired placental circulation associated with the 

presence of thrombophilia abnormalities 29,30, it is controversial whether there 

is an association between thrombophilia and uteroplacental thrombosis that 

leads to adverse pregnancy outcomes. However, it has been suggested that 

antithrombotic prophylaxis, preventing placental thrombosis, might also 

prevent recurrent placenta-mediated pregnacy complications.27,31 Hence, the 

efficacy of anticoagulant prophylaxis during pregnancy should consider both 

outcomes of mother and fetus. 

 

Outline and aims of the thesis  

This thesis aims to summarize several epidemiological and clinical 

aspects of venous thrombosis in women focusing on VTE at unusual sites 

such as cerebral vein thrombosis and female-related prothrombotic risk 

factors. In particular, this thesis is structured as follows: Chapter 2 

Baseline VTE risk factors 
 
• Obesity 
• Thrombophilia abnormalities 
• Previous VTE 
• Family history 
• Chronic inflammatory conditions 

Pregnancy-related VTE risk factors 
• Age>35 
• Multiple gestation 
• Artificial reproductive technologies 
• Gestational diabetes 
• Hypertension (pre-eclampsia) 
• Cesarean section 
• Post-partum infection 
• Stasis 



11 
 

summarizes clinical features, symptoms, risk factors and the therapeutic 

approach of rare thrombotic manifestations including ovarian vein thrombosis 

and cerebral vein thrombosis as female-specific events. CVT, the rare 

thrombotic manifestation that affects particularly young women, is broadly 

described in Chapter 3. The case-control study on Chapter 4 focuses on a 

female-related risk factor, namely the duration of oral contraceptive use, to 

evaluate its association with the thrombotic risk. Pregnancy-related VTE and 

pregnancy outcomes after a previous episode of CVT have been investigated 

in Chapter 5 and Chapter 6. Then, the incidence of pregnancy-related VTE, 

pregnancy outcomes and the effectiveness of low molecular weight heparins 

during pregnancy have been evaluated in Chapter 7, that is focused on a rare 

population of pregnant women with antithrombin deficiency (the most severe 

thrombophilia abnormality) and in Chapter 8, that consider the first 

pregnancy after a previous VTE in a broad population. A general discussion 

and summary of the outcomes described in this thesis is provided in Chapter 

9. 
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Summary 

 

Venous thrombosis rarely occurs at unusual sites such as cerebral, 

splanchnic, upper-extremity, renal, ovarian, or retinal veins. Clinical features, 

symptoms, and risk factors of rare thrombotic manifestations are 

heterogeneous and in large part differ from those typical of the commonest 

manifestations of venous thrombosis at the lower extremities. The therapeutic 

approach also varies widely according to the affected site, whether cerebral, 

abdominal, or extra-abdominal. 

To date, anticoagulant therapy for thrombosis at unusual sites is 

generally accepted, but the optimal therapeutic approach remains challenging. 

This review is focused on the treatment of unusual thrombotic manifestations 

as reported in the most recent guidelines and according to the updated 

scientific literature. 
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Introduction 

Thrombosis at unusual sites accounts for ≈~10% of all cases of 

venous thrombosis, affecting any venous region other than the deep or 

superficial veins of the lower limbs or those involved in pulmonary circulation. 

Its annual incidence varies from 1 to 2 cases per 1 million individuals for 

splanchnic vein thrombosis to 5 per 1000 individuals for retinal vein 

thrombosis.1,2 Cerebral venous sinus thrombosis (CVST) occurs more often in 

young women because of its strong association with oral contraceptive use and 

pregnancy.3 Splanchnic vein thrombosis (SVT) often complicates underlying 

diseases such as liver cirrhosis, myeloproliferative neoplasms (particularly 

those bearing the Janus kinase 2 V617F mutation), paroxysmal nocturnal 

hemoglobinuria, Behçet’s disease, inflammatory bowel diseases, or abdominal 

cancers.4 Upper extremity deep vein thrombosis (UEDVT) is defined as 

primary when resulting from effort (Paget-Schrotter syndrome) or thoracic 

outlet syndrome or when unprovoked and as secondary when caused by 

triggering factors, mainly indwelling central venous catheters (CVCs)5,6 but also 

pacemakers and cancer. Renal vein thrombosis (RVT) is the most common 

thrombotic manifestation in neonates, particularly those born prematurely, 

accounting for 16% to 20% of all thromboembolic events,7 and is mainly 

related to umbilical or femoral indwelling catheters reaching the inferior vena 

cava, whereas in adults, it is mainly associated with cancer (66%) and nephrotic 

syndrome (20%), as well as renal transplantation (0.5%) and local trauma 

(surgery or venous catheters).8 Ovarian vein thrombosis (OVT) is usually 

associated with pregnancy or the postpartum setting, pelvic inflammation, 

abdominal cancer, and pelvic surgery.9 Retinal vein occlusion (RVO) involving 

the central or branch veins or, more rarely, the hemicentral vein is mainly 

caused by intraocular hypertension or glaucoma or, in contrast to venous 

thrombosis at other sites, by the systemic risk factors for arterial thrombosis 

(i.e., arterial hypertension, diabetes, hyperlipidemia).10,11  

To date, anticoagulant therapy with low molecular weight heparin 

(LMWH) or unfractionated heparin (UFH) followed by vitamin K antagonists 

(VKAs) is generally accepted in patients with thrombosis at unusual sites. With 

the exception of 4 small randomized controlled trials (RCTs) in patients with 

CVST, 1 in those with OVT, and 3 in those with RVO, no RCTs have been 

performed in patients with unusual thrombotic manifestations, whose 

treatment remains challenging in the absence of high-quality evidence.  
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The aim of this review is to summarize the therapeutic options for 

thrombosis at unusual sites, examining the existing guidelines published by 

various scientific societies and screening their relative references. In addition, 

we consulted 2 databases of evidence-based content (Trip Medical Database 

and Dynamed Plus) and searched PubMed for relevant scientific literature on 

thrombosis at unusual sites after the publication date of the most recent 

guidelines. 

 

CVST 

A meta-analysis of 2 small and older RCTs showed that treatment of 

CVST with LMWH or UFH in the acute phase is safe and efficacious in terms 

of mortality and disability12-14 and does not enhance the risk of intracranial 

hemorrhage.15 Therefore, heparin is recommended by several neurological 

guidelines16-18 and by the American College of Chest Physicians (ACCP),19 

even in the presence of intracranial hemorrhage. Two more recent RCTs and a 

metaanalysis favored LMWH over UFH,20-22 although the small sample size of 

the studies allowed recommendations of only moderate-quality evidence. 

UFH, with its shorter half-life and easier reversibility, should be preferred in 

patients with unstable cases or in those requiring invasive procedures. 

Endovascular treatment with local thrombolysis (urokinase, streptokinase, or 

recombinant tissue plasminogen activator) or mechanical thrombectomy has 

been investigated only in small case series and seems associated with a high 

risk of intracranial haemorrhage (7.6%) and mortality (9.2%).23 Local 

thrombolysis was compared with heparin treatment in the TO-ACT trial 

(registered at www.clinicaltrials.gov as #NCT01204333), which was 

prematurely interrupted because of futility (no difference in the primary 

outcome disability) after the inclusion of 67 patients.24,25 A systematic review 

of 26 patients treated with systemic thrombolysis (mainly urokinase) reported 

an extracranial or intracranial hemorrhage in 30.7% of patients and partial or 

complete recanalization in 61.5%.26 Hence, local or systemic thrombolysis 

should be reserved for patients with severe cases or those with worsening 

neurological symptoms despite therapeutic anticoagulation.27 In the acute 

phase, complications could require specific management with antiepileptic 

drugs in the case of seizures17; acetazolamide and 

shunting procedures to drain excess cerebrospinal fluid in the case of 

hydrocephalus with neurological deterioration; serial lumbar punctures in the 

case of intracranial hypertension, papilledema, or reduced visual acuity18; or 
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decompressive hemicraniectomy as a lifesaving procedure in the rare case of 

transtentorial herniation resulting from large hemorrhagic infarcts. The 

DECOMPRESS-2 registry is an ongoing prospective evaluation of patients 

with CVST undergoing decompressive surgery, and the interim analysis of 22 

patients showed a 6-month mortality rate of 23.8% in patients treated vs 100% 

in those not treated.28 After the acute phase, anticoagulant therapy is 

administered for secondary prevention of CVST or venous thrombosis at 

other sites. The risk of recurrent thrombosis is low, and long-term 

anticoagulation should be reserved for patients with persistent and 

unmodifiable risk factors such as severe thrombophilia and solid or 

hematological neoplasms.29,30 The American Heart Association and American 

Stroke Association guidelines recommend that patients with CVST secondary 

to a transient risk factor receive anticoagulant therapy with VKAs for 3 to 6 

months, whereas those with unprovoked CVST should receive such therapy 

for 6 to 12 months.17 Figure 1 summarizes the recommendations for treatment 

of CVST. For patients with no recognized thrombophilia abnormalities, the 

same guidelines recommend a switch to antiplatelet therapy, but in the absence 

of controlled trials or observational studies, this recommendation seems 

unsupported.31 The ongoing EXCOA-CVT study (registered at 

http://www.isrctn.com as #ISRCTN25644448) comparing short (3-6 months) 

with long (12 months) duration of oral anticoagulant therapy in patients with 

CVST will provide new insights.32 

 

Figure 1. Recommendations for treatment of CVST 
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SVT 

On the basis of observational studies, anticoagulant therapy in patients 

with SVT (portal intra- or extrahepatic, superior mesenteric, and splenic vein) 

is recommended by the ACCP guidelines only in symptomatic cases and not in 

those incidentally detected, unless in the case of extensive thrombosis, 

thrombus progression, or active cancer.33 This approach is in accordance with 

the evidence indicating that symptomatic patients have a double risk of 

recurrent thrombosis rather than bleeding, whereas asymptomatic patients 

have similar risks.34,35 In contrast, the American Association for the Study of 

Liver Diseases guidelines recommend anticoagulation for all patients with 

acute portal vein thrombosis, including asymptomatic patients.36 For patients 

with isolated portal or splenic vein thrombosis, some authors suggest a 

watchful waiting approach, based on a retrospective study showing 

spontaneous thrombus regression in 47% of patients, stability in 45%, and 

progression in only 7%.37 An exception is acute mesenteric vein thrombosis, 

which may represent an emergency, requiring prompt initiation of 

anticoagulation together with support therapy because of the high 30-day 

mortality (20%) despite treatment.38 The European Society of Vascular 

Surgery recommends anticoagulation with heparin as first-line treatment 

followed by oral anticoagulants, in the absence of major contraindications.39 In 

patients with intestinal ischemia, local catheter–directed thrombolysis should 

be considered with the aim of avoiding ischemic bowel resection.40 

Thrombolysis should also be considered in patients with particularly extended 

thrombosis or clinical deterioration despite anticoagulant therapy, if their 

bleeding risk is low. There are insufficient data to suggest local catheter–

directed over systemic thrombolysis.40 The optimal duration of anticoagulant 

therapy is not established, but a minimum of 3 months is suggested for 

patients with SVT associated with transient risk factors.36 Patients with 

persistent risk factors, such as myeloproliferative neoplasms or cirrhosis, or 

those with idiopathic thrombosis should continue anticoagulant therapy for 

life.36,41 An international prospective cohort study of 604 patients with SVT 

showed incidence rates per 100 patient-years of 3.8 for major bleeding and 7.3 

for recurrent thrombosis, 3.9 and 5.6 during anticoagulation, and 1.0 and 10.5 

after anticoagulation discontinuation, respectively. The highest incidence rates 

of major bleeding and thrombosis were observed in patients with cirrhosis 

(10.0 and 11.3 per 100 patient-years, respectively).42 The recanalization rates 

after 1 year of anticoagulant therapy with VKAs were 38%, 61%, and 54% for 
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portal, mesenteric, and splenic veins, respectively.43 These figures indicate 

indefinite anticoagulation in most patients. However, many patients have risk 

factors for bleeding, such as liver cirrhosis, possibly associated with portal 

hypertension and esophageal varices; splenomegaly, possibly associated with 

thrombocytopenia; or cancer. A large Danish cohort study of 1915 patients 

followed for 10 years reported higher bleeding rates in patients with all-cause 

SVT than in those with lower-extremity DVT (LEDVT) or pulmonary 

embolism.44 However, the risk of bleeding  in cirrhotic patients seems to be 

lower than expected (,5%)45 and is further reduced during anticoagulation.46,47 

Hence, esophageal varices and liver dysfunction–associated coagulopathy do 

not represent absolute contraindications to anticoagulation, as confirmed by a 

recent meta-analysis, which showed higher recanalization rates and lower 

variceal bleeding rates in patients with portal vein thrombosis and liver 

cirrhosis who received anticoagulant therapy compared with those who did 

not.48  To reduce the bleeding risk, patients with liver cirrhosis often benefit 

from prophylaxis for variceal bleeding with nonselective b-blockers and/or 

endoscopic variceal ligation. Regarding anticoagulant treatment in patients 

with SVT and moderate to severe thrombocytopenia, evidence is limited to 

expert opinion. In the absence of bleeding complications, the intensity of 

anticoagulation can be reduced to half therapeutic doses, if platelet counts are 

between 50 and 100 x 109/L, and to prophylactic doses, if platelet counts are 

between 30 and 50 x 109/L. In the presence of severe thrombocytopenia (<30 

x 109/L), some experts recommend against anticoagulation.40 

Recommendations for treatment of SVT are summarized in Figure 2. 

 

Figure 2. Recommendations for treatment of SVT 
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UEDVT 

On the basis of moderate-quality and indirect evidence from the 

treatment of LEDVT, the ACCP guidelines recommend parenteral 

anticoagulation in the acute phase of primary UEDVT involving the axillary or 

more proximal veins and suggest LMWH or fondaparinux over UFH or 

thrombolysis for a minimum duration of 3 months.33 Uncertainty remains 

regarding full-dose anticoagulation in patients with isolated primary  brachial 

vein thrombosis, a treatment favored only in severe symptomatic patients; for 

the others, clinical surveillance, LMWH, or fondaparinux at prophylactic doses 

for 3 months or therapeutic doses for <3 months is suggested.33 Selected 

patients with severe cases may benefit from catheter-directed thrombolytic 

treatment, encouraged over systemic thrombolysis.33,49 Like LEDVT, UEDVT 

may be complicated by post thrombotic syndrome (PTS). Because no RCTs 

on the prevention of PTS with compression sleeves or venoactive medications 

are available, the ACCP guidelines recommend against their use, but anecdotal 

evidence supports bandages or compression sleeves.33 A recent metaanalysis 

compared the rates of PTS, recurrent thrombosis, and major bleeding in 

patients with primary or secondary UEDVT treated conservatively with 

anticoagulant therapy or invasively with thrombolytic therapy and/or 

decompressive surgery. Patients receiving anticoagulant therapy had a higher 

risk of PTS (23.2% vs 11.8%), similar risk of recurrent thrombosis (7.6% vs 

7.5%), and lower risk of bleeding (1.3% vs 3.8%) than those treated invasively; 

the frequency of PTS was higher in patients with primary than in those with 

secondary UEDVT.50 Hence, the decision for aggressive treatment should be 

weighed against the risk of bleeding and that of PTS, but because the latter is 

unpredictable, more data are necessary before making recommendations. 

Limited data are available on percutaneous mechanical thrombectomy, 

angioplasty along with endovascular stenting, filter insertion, and resection of 

the first rib for decompression in the presence of thoracic outlet syndrome,51 

none of which are routinely recommended in the acute phase; these should be 

reserved for exceptional cases such as patients for whom anticoagulant therapy 

fails or those in whom anticoagulant therapy is contraindicated.33 

The optimal treatment duration of primary UEDVT beyond 3 months 

is still debated. A majority of patients are managed with heparin followed by 

VKAs for up to 3 or 6 months, as recommended.50 Although a prospective 

population-based study showed a similar rate of recurrent thrombosis in 

patients with UEDVT and in those with LEDVT,52 a direct comparison 
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between unprovoked UEDVT and LEDVT showed a lower recurrence rate in 

those with UEDVT (4% vs 19%) over a 5-year period.53 Hence, unlike in 

LEDVT, extended anticoagulation is discouraged in patients with unprovoked 

UEDVT.33 For secondary CVC-related UEDVT, the ACCP guidelines 

support maintaining the CVC if still functioning and needed, despite the 

presence of the thrombus. Anticoagulation is recommended as long as the 

CVC remains in place in patients with cancer and suggested in those 

without.33,54 If the CVC is not functioning or no longer required, it can be 

removed after a short period of anticoagulation (3-5 days)54; thereafter, 3 

months of anticoagulant therapy are suggested in patients with cancer and 

recommended in those without.33,54 Figure 3 summarizes the 

recommendations for treatment of primary and secondary UEDVT.  

 

Figure 3. Recommendations for treatment of UEDVT 

 

RVT 

RVT is frequently encountered in neonates, for whom current 

guidelines provide recommendations; however, its management in adults is not 

specifically addressed. The pivotal recommendation of the American Society 

of Hematology for the management of RVT in neonates is to involve a 

multidisciplinary team that includes neonatologists, radiologists, hematologists, 

and nephrologists.55 According to the ACCP guidelines, unilateral RVT can be 

managed only with supportive therapy and radiologic monitoring. 
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Anticoagulant therapy is suggested in patients with thrombus extension as well 

as in patients with RVT and nephrotic syndrome (pulmonary embolism is 

reported in up to 76% of cases), impairment of renal function, or extension 

into the inferior vena cava. In the case of unilateral RVT in monokidney 

patients or those receiving kidney transplants, worsening RVT despite 

adequate anticoagulant therapy or life-threateningn bilateral RVT with severe 

renal deterioration, thrombolysis as well as the placement of a temporary 

suprarenal inferior vena cava filter should be considered.55,56 In neonates, 

thrombolysis is complicated by a 21% rate of major bleeding.55 In general, 

when using heparin, one should consider that neonates have a high clearance 

and often reduced antithrombin plasma levels (physiologically or resulting 

from proteinuria in the presence of nephrotic syndrome), so higher heparin 

doses than those for adults and perhaps antithrombin concentrate may be 

needed. In contrast, in the frequent clinical case of RVT presenting with renal 

function impairment, particular attention should be given to anticoagulant 

dose adjustment to avoid drug accumulation. Despite the scarce evidence, it 

seems that the same outcome in terms of mortality, resolution of RVT, long-

term renal impairment, and hypertension is achieved regardless of the use of 

anticoagulant therapy.55 The suggested duration of anticoagulant therapy in 

neonates with RVT secondary to transient risk factors varies from 6 weeks to 

3 months, whereas those with unprovoked or nephrotic syndrome–associated 

RVT should continue until resolution of proteinuria.56,57 

 

OVT 

In a vast majority of cases, OVT is a complication of pregnancy or 

postpartum conditions. Six retrospective studies, 1 prospective study, and a 

small RCT on the management of pregnancy- and postpartum-associated 

OVT were included in a systematic review.58 Interventions included mainly 

antibiotic and/or anticoagulant therapy, the latter for a median duration of 3 

months, as reported in the 2 largest cohorts of 13 and 74 patients, 

respectively.59,60 Concerning the type of anticoagulant therapy, the most 

frequently used was LMWH, but warfarin58,60,61 and, rarely, an anti–factor Xa 

oral anticoagulant were also used.9,62 

On the basis of this evidence and extrapolating the duration of anticoagulant 

therapy from the ACCP guidelines on the treatment of LEDVT,49 3 months 

are suggested for symptomatic postpartum OVT, with the addition of 
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antibiotic therapy, if needed.58 Among the gynecological guidelines, OVT is 

mentioned 

only by the Canadian Society of Obstetricians and Gynecologists, which 

recommends parenteral broad-spectrum antibiotic therapy until 2 days after 

resolution of symptoms and anticoagulant therapy for 1 to 3 months.63 

Anticoagulant therapy is discouraged in asymptomatic postpartum-associated 

OVT with no evidence of thrombus extension or pulmonary embolism.58 Data 

on treatment of OVT outside of pregnancy or the postpartum setting are 

limited to small case series60,64 and do not allow for recommendations.  

 

RVO 

The current treatment options for RVO recommended by the Royal 

College of Ophthalmologists include the use of intravitreal antivascular 

endothelial growth factor agents if RVO is complicated by macular edema, 

along with laser photocoagulation of ischemic areas and/or corticosteroids.65 

A recent meta-analysis showed that antivascular endothelial growth factor 

agents are the most effective therapy for macular edema secondary to both 

central and branch RVO.66 Anticoagulant treatment is a parallel option, 

although it is not routinely recommended by the Royal College of 

Ophthalmologists guidelines65 or by the Anticoagulation Forum40 because of 

the lack of evidence, but it may be limited to patients without local risk factors, 

with recent onset of symptoms, or with major risk factors for thrombosis (e.g., 

antiphospholipid antibodies). For the latter, long-term anticoagulant therapy 

may be considered.67 In the most rigorous RCT of 58 patients with early-onset 

(within 15 days) RVO, treatment with therapeutic doses of LMWH for 7 days 

and half therapeutic doses thereafter for a total of 3 months was more 

effective than aspirin in preventing visual loss.68 A meta-analysis including 3 

RCTs comparing the effect of LMWH vs aspirin in patients with RVO 

favoured LMWH, which improved visual acuity and was associated with a 

78% reduction in the risk of developing adverse ocular outcomes. 69 A large 

prospective cohort study of 686 patients with RVO showed no benefit and 

even worse visual outcomes in patients receiving aspirin or other antiplatelet 

drugs compared with nontreated patients.70 Hence, LMWH is suggested for a 

period of 1 to 3 months in RVO patients with recent onset of symptoms, no 

local risk factors (i.e., glaucoma), and no contraindications,40,67,71 with 

therapeutic doses for 10 to 15 days, followed by half therapeutic doses for up 

to 3 months.67 Fondaparinux was also reported to be safe and effective in 
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resolving recent-onset RVO in 13 consecutive patients.72 Local thrombolytic 

therapy should be considered only in selected cases with total visual loss.40 

 

Thrombophilia testing 

The different guidelines considered in this review do not address 

specifically the benefits of thrombophilia testing in patients with thrombosis at 

unusual sites. At present, one should approach testing in thrombosis at 

unusual sites as in LEDVT, although even in thrombosis at such a common 

site, the issue of testing is debated. Only severe thrombophilia abnormalities 

(e.g., homozygous factor V Leiden or G20210A prothrombin mutation; 

antithrombin, protein C, or protein S deficiency; antiphospholipid antibodies; 

or combined abnormalities) may influence the duration of anticoagulant 

treatment, because they are associated with a higher risk of recurrent venous 

thrombosis than the common heterozygous mutations in factor V and II. 

Whether patients with severe thrombophilia may benefit from a longer or 

indefinite duration of anticoagulant therapy should be investigated in an RCT, 

but an RCT is almost unfeasible considering the rarity of severe 

abnormalities.73 In this panorama, routine thrombophilia testing is usually 

discouraged, because it would not influence patient management. For 

thrombosis at unusual sites, which often involves local or systemic conditions 

triggering the event, testing for thrombophilia seems even less useful. It can be 

reserved for selected patients with unexplained events, young age, or positive 

family history of thrombosis, with careful consideration given to the 

interpretation of the results.73 

 

Cancer screening 

Apart from myeloproliferative neoplasms, screening for which should 

be conducted in patients with unprovoked SVT and, to a lesser extent, in 

those with unprovoked cerebral venous thrombosis (CVT), extensive 

screening for occult cancer is not recommended in patients with thrombosis at 

unusual sites.74 Given that radiologic imaging is required for the diagnosis of 

CVT, SVT, UEDVT, RVT, and OVT, it is usually enough to detect regional 

occult cancer. Extensive diagnostic cancer screening is also not warranted in 

patients with RVO, who do not have an increased risk of cancer, as shown in a 

Danish nationwide population-based cohort study.75 
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Role of DOACs 

Because the phase 3 RCTs conducted on direct oral anticoagulants 

(DOACs) did not include patients with unusual thrombotic manifestations,76 

their safety and efficacy in this setting needs to be proven in dedicated clinical 

trials, and at present, their use should be discouraged. Limited data are 

available from 7 case series77-83 reporting on 44 patients with CVST treated 

with DOACs for a period varying from 3 to 19 months, with complete or 

partial recanalization achieved in ~80% of cases without bleeding 

complications. Table 1 lists the ongoing clinical trials on treatment of CVST 

with DOACs. Regarding SVT, the only RCT of 80 patients comparing 10 mg 

of rivaroxaban with warfarin at a 1:1 ratio showed favorable safety and efficacy 

profiles for rivaroxaban.84 A total of 92 patients with SVT were treated with 

DOACs in 8 case reports or case series, and 4 major gastrointestinal bleedings 

and 2 cases of recurrent thrombosis were reported.85-92 On the basis of this 

evidence and considering the increasing amount of data in patients with cancer 

(often associated with SVT), the use of DOACs has been suggested in patients 

with SVT.93 In addition, a pilot prospective single-arm cohort study of patients 

with SVT and no cirrhosis treated with rivaroxaban is ongoing (registered at 

www.clinicaltrials.gov as #NCT02627053). The use of DOACs was reported 

in a retrospective study of 55 patients with UEDVT who developed 1 

recurrent UEDVT (2%) and 1 clinically relevant nonmajor bleeding episode 

(2%) during treatment.94 A pilot study in patients with cancer and CVC-

associated UEDVT treated with rivaroxaban has completed recruitment 

(registered at www.clinicaltrials.gov as #NCT01708850). Two other phase 4 

single-arm studies of apixaban for the treatment of UEDVT, 1 in patients with 

cancer (registered at www.clinicaltrials. gov as #NCT03100071) and 1 in those 

without (registered at www. clinicaltrials.gov as #NCT02945280), are ongoing. 

Only 4 cases of RVT treated with DOACs (rivaroxaban and apixaban) have 

been reported so far, with no evidence of increased risk of bleeding or 

recurrence.62,95 There is still no experience with DOACs in the treatment of 

RVO, and their use is discouraged. The only prospective study comparing the 

use of DOACs (rivaroxaban or apixaban) in patients with thrombosis at 

unusual sites, including CVST, SVT, OVT, and RVT, and in those with 

thrombosis t common sites showed comparable safety and efficacy; moreover, 

the rates of bleeding and recurrent thrombosis in patients treated with 

DOACs were similar to those in patients treated with enoxaparin.62 Finally, an 

international registry on DOACs for treatment of all unusual thrombotic 
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manifestations included in this review except for UEDVT is ongoing and will 

provide new insights (registered at www.clinicaltrials.gov as #NCT03778502). 
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Table 1. Ongoing clinical trials with DOACs in patients with CVST 
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Summary  

The cerebral venous system is an unusual site of thrombosis, with a 

particularly high incidence in young adults. This incidence has increased in past 

decades because of the improvement of neuroradiological techniques. Risk 

factors for cerebral venous sinus thrombosis overlap with those of other 

venous thromboembolism sites, however, some are specific for this particular 

anatomical district. Prognosis is favorable in most cases if diagnosis is made 

rapidly and treatment is promptly initiated, even if acute complications or 

chronic invalidity still occur in a quarter of patients. The mainstay of treatment 

is anticoagulation, which is necessary in order to block clot propagation and 

obtain recanalization. Intracranial bleeding does not contraindicate 

anticoagulation. Endovascular procedures are reserved for patients with a 

particularly severe presentation or rapidly declining neurological symptoms 

despite appropriate anticoagulation, although data from clinical trials are 

lacking. Specifically, this review addresses the epidemiology, clinical 

presentation and course, risk factors, and treatment of cerebral venous sinus 

thrombosis, with a special focus on the pediatric population. 
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Anatomy 

The cerebral venous system can be divided into two major 

compartments considering the anatomic and functional characteristics of the 

blood vessels: the cerebral veins and the dural venous sinuses (Fig. 1). 

Considering the topographic distribution, a superficial and a deep system can 

be distinguished. The superficial system drains blood from the cerebral cortex 

mainly into the superior sagittal sinus, which in turn drains into the transverse 

sinuses. The deep system drains blood from the deep white matter and the 

basal ganglia to the inferior sagittal sinus, that continues into the straight sinus 

and then into the transverse sinuses. From the transverse and the straight 

sinuses blood flows out of the sigmoid sinuses, passing through the sinus 

confluence (torcular herophili), and finally into the internal jugular veins. Many 

anastomoses exist between the cerebral veins from the fetal period onwards. 

The dural venous sinuses are delimited by the superficial (periosteal) and the 

deep (meningeal) layer of the dura mater and their walls are composed of only 

the dura mater layer lined with endothelium, hence lacking the tunica media. 

Additionally, these sinuses lack valves. Dural venous sinuses drain blood from 

the cerebral veins and the cerebrospinal fluid from the subarachnoid space, via 

the arachnoid pacchionian granulations, which are present particularly in the 

superior sagittal sinus. The classic anatomy varies considerably among 

individuals and the knowledge of such variations is essential for a correct 

interpretation of radiological images. The most frequent anatomic variants are: 

asymmetries of transverse sinuses, observed in nearly 50% of patients; hypo-

/aplasia of all or part of the transverse sinuses, observed in nearly 20% of 

patients; and less frequently hypo-/aplasia of the frontal part of the superior 

sagittal sinus.1  

 

Pathophysiology  

The formation of a thrombus in the cerebral venous circulation leads 

to an increase in the hydrostatic pressure in the veins and capillaries upstream 

to the occlusion. However, because of the anastomotic circuit of the cerebral 

venous system, the increased venous pressure is usually compensated to some 

extent. If the increase in the venous pressure overcomes the compensation 

capacity the following can occur: blood-brain barrier disruption, extravasation 

of fluids into the cerebral parenchyma and consequent localized edema. 

Furthermore, if the venous pressure exceeds the arterial pressure, a reduction 
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of arterial flow and consequent arterial ischemia can occur and, if not 

adequately treated, it may progress to hemorrhagic infarction.2 A peculiar 

characteristic that distinguishes vasogenic (due to venous occlusion) from 

cytotoxic (due to arterial occlusion) edema, is that in the former the perfusion 

pressure is not usually reduced and therefore irreversible brain tissue damage is 

unlikely. Indeed, in venous stroke a resolution of thrombi and a favorable 

prognosis are more likely than in arterial stroke. The peculiarity of venous 

occlusion is the reduction of cerebrospinal fluid reabsorption, by reducing 

cerebrospinal fluid access to the arachnoidal pacchionian granulations, leading 

to intracranial hypertension.3 This scenario is more frequent with superior 

sagittal sinus occlusion (where arachnoidal pacchionian granulations are 

present), but can also occur in the occlusion of other sinuses. 

Epidemiology 

Cerebral venous sinus thrombosis (CVST) is a rare manifestation of 

thrombosis with an incidence that varies between studies. In adults, the annual 

incidence of CVST is 2–5 cases per million individuals,3,4 but it is likely 

underestimated because of the lack of well-designed epidemiological studies. 

Two recent studies in the Netherlands and Southern Australia found a higher 

incidence than previously reported of 13.2 and 15.7 annual cases per million, 

respectively.5,6 The high prevalence of infection-related CVST can determine 

even higher figures in others countries (18% in Pakistan), but the exact 

incidence among different ethnic groups is pending investigation.7–9 At 

variance with arterial stroke that is more prevalent in the elderly, CVST 

typically affects young adults with a mean age of 35 years and is more common 

in women than in men (2.2:1) because of sex-specific risk factors.10 The 

superior sagittal and the transverses are the most frequently involved sinuses 

(60% of patients), followed by the internal jugular and cortical veins (20%). In 

almost two-thirds of patients CVST involves more than one sinus.  

 

Epidemiology in children and neonates 

The annual incidence of CVST in the pediatric population is approximately 7 

cases per million and is higher in neonates than in children.11–14 The sex ratio 

seems balanced because of the absence of sex-specific risk factors.12 Similarly 

to adults, the superficial sinuses are the most frequently involved (particularly 
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the superior sagittal and the transverse sinus) and the transverse sinus is more 

frequently involved in children older than 2 years of age (60% vs 39%).11,15 

 

Clinical presentation 

Since symptoms of CVST are variable and aspecific, diagnosis is often 

delayed to a median period of 7 days from the onset of clinical 

manifestations.16 The International Study on Cerebral Venous and Dural Sinus 

Thrombosis (ISCVT) that included 624 patients, described the following as the 

most common presenting symptoms: headache (88.8%), seizures (39.3%), 

paresis (37.2%), papilledema (28.3%), and mental status changes 

(22%).16Headache is usually the first symptom at onset of CVST. In only 10% 

of cases does the headache have a thunderclap outbreak, mimicking a 

subarachnoid hemorrhage.17 Because of its aspecific nature, physicians must 

have a high suspicion of CVST when dealing with a new onset and 

progressively increasing intensity of headache; that is the only presenting 

symptom in about 32% of patients.17 The location of the headache is not 

informative as it does not correlate with the thrombosis site. The absence of 

headache is typical of elderly patients, especially men,18 and in those with 

cortical vein thrombosis who have normal cerebrospinal fluid homeostasis. 

The pathophysiologic mechanism of headache in CVST is the increase in 

intracranial pressure due to reduced cerebrospinal fluid reabsorption. For this 

reason, the intensity of the headache typically increases when patients lie down 

and after the Valsalva maneuver. For reasons not yet fully understood, 

headache is more common in patients with CVST than in those with arterial 

stroke (25% of cases).19 Seizures are focal in one quarter of patients, in another 

quarter they begin as focal and then generalize and in the remaining half, 

seizures are generalized ab initio.20 Seizures are more frequent in patients with 

CVST than in those with arterial stroke (2–9%), 20 perhaps as a consequence 

of the accumulation of catabolic products due to venous stasis. 

Focal neurological deficits such as paresis, dysarthria, and aphasia are due to 

localized damage in the cerebral cortex, secondary to a venous infarction. 

Focal deficits are more frequent in patients with thrombosis of the superficial 

system with involvement of the parasagittal cortex, where the motor and 

sensory areas are located. Papilledema is the consequence of intracranial 

hypertension and can cause diplopia and visual loss. Patients with thrombosis 

of the cavernous sinus may also develop proptosis, orbital pain, chemosis, and 

ophthalmoplegia secondary to a palsy of the oculomotor (III), trochlear (IV) 
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and abducens (VI) cranial nerves. Mental status changes such as amnesia, 

mutism, confusion, or delirium are seen in patients with thrombosis of the 

deep system, particularly those with large venous infarctions or bilateral edema 

of the basal ganglia and thalami. The most severe cases can have a rapid 

neurological deterioration, leading to coma and death. 

 

Clinical presentation in children and neonates 

In children symptoms at onset are even more aspecific than in adults 

and are frequently attributable to more common diseases such as infections or 

dehydration, making the suspicion and diagnosis of CVST particularly difficult. 

In general, symptoms in children are the same as in adults, but generalized 

neurological deficits are more common and seizures are more frequent in 

neonates. 11 

 

Diagnosis 

When CVST is suspected in adults the first line imaging technique is 

unenhanced computed tomography (CT) scan; this allows for the ruling out of 

brain tumors, abscesses, or arterial stroke. In the acute phase, CVST is seen in 

unenhanced CT scans as a hyperdense signal in the vessel lumen, that becomes 

iso- and then hypodense after the first week. Depending on the location of 

CVST, two specific radiological signs are described: the “dense triangle sign” 

when thrombosis is located in the superior sagittal sinus, and the “dense cord 

sign” when located in a cortical or deep vein 3 (Fig. 2a). However, such signs 

are rarely described (considering that the unenhanced CT scan has a low 

sensitivity) resulting positive in only 30% of patients with CVST.21 The 

addition of contrast agent increases the sensitivity to 99% for sinus thrombosis 

and 88% for vein thrombosis, figures similar to those obtained with magnetic 

resonance imaging (MRI). 22,23 In the presence of the contrast agent, a specific 

radiological sign is the “empty delta sign”, a filling defect in the middle of the 

venous lumen with a peripheral enhancement (Fig. 2b). Advantages of CT 

scanning are the availability in an emergency and the ability to show the 

presence of local complications associated to CVST, such as subarachnoid or 

intraparenchymal hemorrhage or cerebral edema. Disadvantages are the 

exposure to ionizing radiation and the need of contrast agent to increase the 

accuracy. Currently, MRI is the gold standard imaging technique for diagnosis 

of CVST, despite exact sensitivity and specificity are not known because of the 
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lack of proper comparative studies with catheter angiography. Catheter 

angiography was the historical gold standard technique that to date, due to its 

invasiveness, is reserved for patients with an inconclusive CT scan and MRI or 

for candidates to endovascular procedures.24,25 Maximum accuracy is obtained 

with the combination of classic MRI sequences, which are able to show the 

thrombus, together with venography, which can show reduction or absence of 

flow and therefore distinguish hypoplastic sinuses, partial sinus occlusion, 

thrombosis of cortical cerebral veins, or filling defects due to hyperplastic 

arachnoid granulations (Fig. 3).26 The advantages of MRI are the absence of 

both radiation exposure and intravenous contrast agent, and the ability to 

establish the age of the clot. Finally, when D-dimer is high it increases the 

likelihood of deep vein thrombosis of the lower limbs or pulmonary 

embolism; it has been investigated in several studies as a predictive factor for 

CVST, but has consistently shown a low sensitivity and specificity.27 Despite 

of this, the ESO guidelines suggest to measure D-dimer before neuroimaging 

in patients with suspected CVST, except in those with isolated headache and 

in case of prolonged duration of symptoms (i.e. > 1 week). The quality of 

evidence is low and the strength of recommendation is weak.28 

 

Diagnosis in children and neonates 

In children imaging techniques for diagnosis are the same as in adults, 

while in neonates the first choice is the transfontanellar doppler ultrasound, 

which has the advantage of being extensively available and non-invasive, albeit 

strongly operator-dependent. In case of inconclusive results and a persistent 

clinical suspicion of CVST, enhanced CT scan and MRI must be performed. 

 

Prognosis 

For a long time CVST has been considered a life-threatening 

condition, but the case fatality rate has decreased proportionally over time 

from more than 50% to 5–10%.29 Increased clinical awareness, the 

advancement of neuroimaging techniques, and the improvement in therapeutic 

management has enabled for earlier diagnosis and identification of less severe 

cases, ensuring a better prognosis. However, data on clinical outcome stem 

from studies with small sample sizes, which suffer from methodological 

heterogeneity and are usually referred to follow-up visits up to only 12 

months. The clinical course of the acute phase is unpredictable and in 
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approximately 5% of patients intracranial hemorrhage followed by herniation, 

seizures, pulmonary embolism, or severe comorbidity can be fatal.16,30,31 A 

minority of patients with CVST (15-20%), have different degrees of 

permanent disability or die.16,32 A meta-analysis reported an overall mortality 

of 9.4% (122 deaths among 1303 patients), although the causes of death 

during follow-up were mainly related to concomitant diseases (e.g., cancer) 

rather than to CVST itself.30,33 The majority of patients who recover 

completely achieve relative independence, usually expressed as between 0 and 

2 on the modified Rankin Scale (mRS), although mild residual symptoms, such 

as headache, motor deficits, linguistic difficulties, impaired vision or cognition 

often remain.16,34–36 Only 5–10% of patients who survive the acute phase 

remain moderately or severely dependent (mRS 3 or 4),16,34 however, this 

proportion increases up to 34% in those with massive CVST.37 

 

Recanalization 

To date, few studies with small sample sizes have investigated the 

recanalization rate of CVST. Differences in the definition of recanalization and 

time of evaluation across studies make it difficult to pool data and to provide 

homogenous results. With these limitations, the rate of recanalization 

(complete or partial) is around 85%, ranging between 73% and 93%.30,38 

Almost 50% of cases achieve a complete recanalization after a median time of 

6 months. Recanalization occurs mainly in the first months after CVST and is 

a dynamic process continuing up to 12 months later, whereas recanalization 

after one year is rare. 30,38,39 A late recanalization has been described in patients 

with CVST occurring during hormonal treatment.39 Controversial and limited 

data are available regarding the influence of the degree of recanalization on 

functional outcome.40,41 One study reported a greater chance of good 

functional outcome associated with complete recanalization, 38 while others 

did not confirm this finding.39,42 A recent large study including 508 patients 

showed a high recanalization rate at 3 months after CVST (81%)and an 

independent association between recanalization and a favorable neurological 

outcome.43 

 

Recurrence rate 

Data on recurrent venous thrombosis derive mainly from studies with 

small sample sizes and retrospective design, underpowered to detect potential 
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risk factors for recurrence. The overall incidence of recurrent venous 

thrombosis within the first year after a first episode of CVST is estimated at 

around 4 per 100 patient-years (p-y),44 that of recurrent CVST is 0.5% to 2.2% 

p-y and that of recurrent deep vein thrombosis of the lower limbs and/or 

pulmonary embolism is 1.1% to 5.0% p-y.16,44–47 Notably, male sex is 

associated with a 7-fold increased risk of recurrence.44,46 Cohort studies on 

long-term evaluation of the risk of recurrent thrombosis after anticoagulant 

therapy discontinuation showed higher figures in the first period (5.0% p-y, 

2.6% p-y, and 1.7% p-y in the first, third, and tenth year after discontinuation, 

respectively) for an overall risk of 2 to 3.5 per 100 p-y.46,47 

 

Prognosis in children and neonates 

The mortality rate varies from 5% to 10% and increases up to 25% in 

newborns.48 Few studies have investigated the clinical outcome of neonates 

and children who survive the acute phase of CVST and no data on their 

subsequent neurodevelopment are available. The longest observational period 

was described in a large prospective study that included 104 neonates followed 

for a median period of 2.5 years (range 6 months to 15 years).49 Prognosis in 

children seems worse than in adults, with 20–70% of patients presenting 

residual neurological deficits.13,49,50 In a series of 42 neonates, one died and 

only 21% of those who completed 2 years of follow-up recovered 

completely.51 A European cohort study reported a recanalization rate of 69% 

(46% complete and 42% partial) between 3 and 6 months after CVST,52 and 

another recent study found a rate of 85% at 3 months in neonates compared 

to 56% in children.53 

Despite the limited data, complete recanalization seems to occur 

earlier in children than in adults, particularly in neonates.53 The recurrence rate 

of thrombosis varies between 0% and 20% 15,48–50 with the highest figures in 

children older than 2 years,11,52 this is mainly due to underlying systemic 

diseases (e.g., lupus erythematosus and Behçet disease).54 The avoidance of 

anticoagulant therapy, the lack of recanalization, and the presence of the 

G20210A prothrombin gene mutation have all been associated with an 

increased risk of recurrence of 11.2-, 4.1- and 4.3-fold, respectively.38,52 
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Risk factors 

Like any thrombosis, CVST has a multifactorial etiology (Table 1). In 

85% of patients at least one risk factor is identified and 50% of events are 

triggered by the interaction of more risk factors. A small proportion of cases 

remains idiopathic, i.e., no direct cause or risk factor can be identified.16,55 

 

Sex-related 

CVST is more common in women of reproductive age than in men, as 

a result of the use of oral contraceptives or hormone replacement therapy, 

pregnancy, and puerperium.56 Oral contraceptive use is by far the most 

common risk factor, reported in more than 80% of women in various series 

and associated with a pooled estimate of approximately 6-fold increased risk of 

CVST.57 A recent case-control study showed that overweightness and obesity 

in women using oral contraceptives further increased the risk of CVST up to 

30-fold in a dose-dependent manner.58 An increase in risk also occurs with the 

multiplicative interaction between oral contraceptive use and the presence of 

thrombophilia abnormalities.59,60 Pregnancy or puerperium are responsible for 

5–20% of CVST, with an incidence of 12 cases per 100,000 deliveries.4,56,61 

 

Thrombophilia abnormalities 

Inherited thrombophilia abnormalities, that is, the common gain-of-

function mutations in factor V and factor II (factor V Leiden and 

prothrombin G20210A mutation) and the rare lack-of-function deficiencies in 

antithrombin, protein C, and protein S, are well-established risk factors for 

venous thromboembolism, including CVST. Heterozygous factor V Leiden or 

prothrombin mutation are reported in 6–24% of patients with CVST, with the 

latter being more prevalent in several case series.16,62,63 A recent meta-analysis 

that included 23 cohort and 33 case-control studies, reported a solid risk 

estimate of CVST for prothrombin mutation (OR 6.05, 95%CI 4.12-8.90) and 

factor V Leiden (2.89, 95%CI 2.10-3.97), and a strong estimate for protein C 

(OR 8.35, 95%CI 2.61-26.67) and protein S (OR 6.45, 95%CI 1.89-22.03) 

deficiency.62 With regard to the severe acquired thrombophilia due to the 

presence of antiphospholipid antibodies, data on the association with CVST 

are lacking and only case reports or small case series are available. 30,63–65 A 

study of 163 patients with CVST and 163 with deep vein thrombosis showed a 
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stronger association of anticardiolipin antibodies with the former rather than 

the latter (17% vs 4%).65 Data are scanty for other thrombophilia markers 

such as high factor VIII and hyperhomocysteinemia. Only one case-control 

study investigated the association between high factor VIII and CVST, 

showing higher levels in patients than controls.66 Hyperhomocysteinemia is 

associated with a 3-fold increased risk of CVST,62,64 however the homozygous 

MTHFR C677T polymorphism, a genetic determinant of homocysteine levels, 

does not independently increase the risk of CVST. 64,67 

 

Cancer 

Approximately 7% of patients with CVST have a concomitant solid 

(cerebral or non-cerebral) or hematological cancer.16,47 In a recent case-control 

study, among 594 patients with CVST the prevalence of cancer was 8.9%, for 

a nearly 5-fold increased risk (OR 4.86, 95%CI 3.46-6.81).33 Moreover, CVST 

can be a complication of chemotherapy with L-asparaginase. Out of 706 

treated patients 22 (3.1%) developed CVST, 20 of whom during L-

asparaginase.68 Although the incidence rate of CVST in patients with 

myeloproliferative neoplasms is around 1%, approximately 4% of patients with 

CVST have an overt myeloproliferative neoplasm.69–71 Hence, such diseases 

must be suspected and appropriately searched for in patients with CVST. 

 

Systemic diseases and infections 

CVST occurs in 0.5–7.5% of patients with chronic inflammatory 

bowel diseases, as a complication of the hypercoagulable state due to mucosal 

inflammation that leads to upregulation of tissue factor, high platelet count, 

and impaired fibrinolysis.72,73 Additional systemic conditions are vasculitis, 

especially Behçet disease, with an incidence rate of CVST of 3 per 1000 p-y 

[74], whereas few data are available on systemic lupus erythematosus and 

nephrotic syndrome.75 A local infection becomes a strong risk factor for CVST 

through endothelial injury and activation of procoagulant pathways. The most 

common are otitis, mastoiditis, sinusitis, meningitis, skin or dental infections. 

However, in the antibiotic era the prevalence of infection-related CVST has 

dropped to 8–12%, although it remains higher in less developed 

countries.9,16,47 

 

Other risk factors 
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Additional mechanical risk factors for CVST include neurosurgery, 

internal jugular catheterization, and lumbar puncture.3,4 Regarding genetic 

causes, several loci on chromosome 6 (within the human histocompatibility 

complex) and chromosome 9 (close to the ABO gene) have been involved in the 

development of CVST,76 although these associations remain to be confirmed 

in large genome-wide association studies.77 The association of CVST with 

other candidate genes, such as plasminogen activator inhibitor-1 4G/5G 

polymorphism,78 protein Z G79A polymorphism79 remains controversial. 

Janus Kinase-2 (JAK2) V617F somatic mutation, primary molecular marker of 

Philadelphia-negative MPN, is also present in a small percentage (0-6.2%) of 

CVST without an overt MPN and it could be linked to an increased risk of 

cerebral thrombosis.80,81 

 

Risk factors in children and neonates 

As in adults, CVST in children and neonates has a multifactorial 

etiology. Compared to adults, children develop idiopathic events less 

frequently and have a partially different set of risk factors due to anatomical 

and rheological characteristics of the cerebral circulation. The hemostatic 

system in children is in a dynamic state, with quantitative and qualitative 

differences in coagulation factors compared to adults. In neonates the 

hemostatic system it is accelerated as a result of decreased levels of the natural 

anticoagulant proteins (antithrombin, protein C, and protein S) that 

physiologically raise up to physiological adults levels at approximately 6 

months after birth.82,83 Despite this, neonates have a good hemostatic balance 

that can be altered by concomitant comorbidities such as systemic or local 

infections, dehydration, chronic renal failure, and brain tumors.84,85 In 

neonates there are also obstetrical predisposing conditions, including 

premature rupture of the membrane, infections, gestational diabetes, 

hypertension, and hypoxic ischemic injury.86 Specifically, the compression of 

the skull bones during delivery can result in damage of the dural venous 

sinuses and this, together with typical neonatal dehydration, can increase the 

risk of CVST development.24,87 Additionally, the usual supine position 

assumed by neonates has a major influence on intracranial venous outflow, 

contributing to local venous stasis. This happens particularly in the thrombosis 

of the superior sagittal sinus (OR 2.5, 95%CI 1.07-5.67).84 In children and 

adolescents, head and neck infections (otitis media, mastoiditis, and sinusitis) 

are the most common risk factors for CVST. 11,13,85,88 Other risk factors 
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observed in more than 50% of cases include underlying chronic diseases such 

as nephrotic syndrome (that confers an acquired prothrombotic state due to 

urinary loss of anticoagulant proteins),89 liver disease,11 systemic lupus 

erythematosus,90 malignancy,15,91 head trauma, or neurosurgery.48,49 CVST has 

also been reported in children with iron deficiency anemia and to a lesser 

extent with hemolytic anemia, β-thalassemia, and sickle cell disease.15 Inherited 

thrombophilia has been poorly investigated in pediatric CVST and reported in 

20% to 62% of cases.11,12,15,48 The association of CVST with factor V Leiden 

and prothrombin G20210A mutation appears weaker in children than in 

adults.12,15,92 The combination of acquired thrombophilia and underlying 

conditions provides a major contribution to the pathogenesis of pediatric 

CVST.12,89 

 

Treatment of the acute phase 

 

Anticoagulant treatment 

The use of heparin was first described in 1942 by a British 

gynecologist who successfully treated a puerpera with CVST.93 The initial 

indication of anticoagulation in patients with CVST comes from two small 

randomized controlled trials performed in the 1990s that compared heparin 

with a placebo. The first included 20 patients and was prematurely stopped 

because of safety concerns due to 3/10 intracranial hemorrhages in the 

placebo group compared to 0/10 in the unfractionated heparin (UFH) arm.94 

The second study included 59 patients and showed a better outcome in the 

low molecular weight heparin (LMWH) arm (death or dependence rate 13% vs 

21% ).95 A subsequent meta-analysis of the two trials showed a 13% reduction 

in the risk of death or dependency in patients treated with heparin.96 None of 

the 18 patients with intracranial hemorrhage included in the two studies cited 

above and treated with heparin worsened bleeding.94,95 An observational study 

including 102 CVST patients with hemorrhagic venous infarction or 

subarachnoid hemorrhage treated with LMWH or UFH showed a 

deterioration in clinical course only in 11% of patients, without difference 

between the two treatment group.97 Based on these data, current guidelines 

state that intracranial hemorrhage does not represent a contraindication to 

anticoagulant therapy in the acute phase of CVST.28 Our personal opinion is 

to use sub-therapeutic doses (i.e., 50–75% of the full dose) of LMWH in case 

of vast intracranial hemorrhage. No consensus exists on the superiority of one 
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type of heparin over the other. The first indirect comparison between LMWH 

and UFH in patients with CVST was made in the framework of the ISCVT 

study and showed a lower incidence of disability at 6 months in the LMWH 

group, without differences in the overall survival.98 Subsequently, two 

randomized controlled trials compared LMWH and UFH. The first showed a 

significantly lower mortality rate in the LMWH group (0% vs 18.8%),99 while 

the second showed no differences between the two groups in mortality (3,8% 

vs 5,6%) and in new symptomatic intracranial hemorrhage (none in both 

groups).100 Unfractionated heparin, with its shorter half-life and easier 

reversibility, can be preferred in unstable patients or in those requiring invasive 

procedures. 

 

Thrombolysis and endovascular treatment 

No randomized clinical trials have assessed the role of systemic 

thrombolysis in CVST. The most recent systematic review on this issue 

included only case reports and case series for a total of 26 patients.101 

Urokinase was the most frequently administered thrombolytic agent (73.1%), 

while streptokinase and rt-PA were used in 7.7% of cases each. Extracranial 

hemorrhage occurred in 5 patients (19.2%) and intracranial in 3 (11.5%), with 

2 deaths. Partial or complete recanalization occurred in 16 patients (61.5%). 

Only case reports and small case series are available in the literature on 

endovascular treatment of CVST with local thrombolysis (urokinase, 

streptokinase, or recombinant tissue-plasminogen activator) and mechanical 

thrombectomy. This treatment should be reserved for patients with a very 

severe presentation or rapidly declining neurological symptoms despite 

appropriate anticoagulant therapy, after exclusion of other causes of 

deterioration. Endovascular treatment is associated with a high risk of 

intracranial hemorrhage (7.6%) and mortality (9.2%), half due to new onset or 

worsening of pre-existing intracranial hemorrhage.102 These estimates are likely 

underestimated because of the publication bias in favor of successful case 

reports. The randomized controlled trial TO-ACT (NCT01204333) comparing 

local thrombolysis and heparin treatment has been prematurely interrupted 

after the inclusion of 67 patients because of no difference in primary outcome 

(mRS 0-1 at 12 months).103 Hence, currently available data raise concerns 

about safety of thrombolysis and endovascular treatment in patients with 

CVST. 
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Treatment of complications 

The most severe patients present complications in the acute phase that 

requires specific management. In case of seizures, antiepileptic drugs are 

indicated to prevent recurrences, although the optimal duration of this therapy 

and its use as primary prophylaxis are not well established. In case of 

hydrocephalus associated to neurological deterioration, shunting procedures to 

drain excess cerebrospinal fluid are required after temporary withdrawal of 

anticoagulation. Intracranial hypertension does not usually require treatment, 

but in symptomatic cases shunting procedures or serial lumbar puncture are 

required to promptly reduce intracranial pressure in case of papilledema and 

reduced visual acuity. Acetazolamide can be also administered to reduce 

cerebrospinal fluid production.28 Rarely, patients with CVST present 

transtentorial herniation in the acute phase and need decompressive surgery, a 

lifesaving procedure. A prospective evaluation of the outcome of patients with 

CVST undergoing decompressive surgery is ongoing (DECOMPRESS-2 

registry) and the interim analysis on 22 patients showed a 6-month mortality 

rate of 23.8% in patients treated versus 100% in those not treated.104 The role 

of steroids to reduce vasogenic edema is controversial, their use is not 

suggested in acute CVST, particularly in patients without parenchymal lesions 

while is recommended in CVST with an associated inflammatory disease (e.g. 

Behçet’s disease).28 

 

Treatment of the chronic phase 

The optimal duration of anticoagulant therapy for secondary 

prevention of CVST should be decided for the single patient evaluating the 

risk-benefit ratio. The absolute risk of recurrent thrombosis is low and long- 

term anticoagulation is reserved to patients with persistent and unmodifiable 

risk factors (e.g., severe thrombophilia, and solid or hematological neoplasms) 

and to those with recurrent CVST. Whether also patients with unprovoked 

CVST should continue anticoagulation is not known (Fig. 4). AHA/ASA 

guidelines recommend that patients with CVST secondary to a transient risk 

factor receive anticoagulant therapy with a vitamin K antagonist for 3 to 6 

months, maintaining an INR range between 2 and 3, while those with 

unprovoked CVST for 6 to 12 months.24 An exception is CVST during 

pregnancy, that requires therapeutic doses of LMWH possibly adjusted for 

body weight to ensure efficacy until delivery28 because of the teratogenic effect 
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of vitamin K antagonists. AHA/ASA guidelines recommend antiplatelet 

therapy after a period of anticoagulation in patients with CVST without a 

recognized thrombophilia, although in the absence of controlled trials or 

observational studies this indication sounds arbitrary.106 In line with studies 

conducted in patients with venous thromboembolism, we might accept the 

recommendation for patients with unprovoked events. Randomized clinical 

trials are required and the ongoing EXCOA-CVT study (ISRCTN25644448) 

comparing a short (3-6 months) with a long (12 months) duration of oral 

anticoagulant therapy in patients with CVST will provide new insights into this 

crucial issue.107 Recanalization of CVS T can be considered among criteria 

potentially helping the decision on the optimal duration of anticoagulant 

therapy. Repeating imaging (CT or MRI) is recommended at 3-6 months from 

index event or in case of persistence or recurrent symptoms suggestive of 

CVST during anticoagulation therapy.24 In case of complete recanalization 

further neuroimaging is not required, whereas in case of partial recanalization 

we suggest to consider the possibility to prolong anticoagulation until a 

reassessment at 12 months from the event. Another emerging issue in the 

treatment of CVST is the role of direct oral anticoagulants (DOACs), that 

showed a similar efficacy and a better safety profile compared to vitamin K 

antagonists in patients with proximal deep vein thrombosis of the lower limbs 

or pulmonary embolism. All phase III clinical trials on the use of DOACs 

excluded patients with CVST and we thus have no certainties of their 

appropriateness for these patients, although a case series of only 7 patients 

treated with rivaroxaban confirmed its safety.108 Clinical trials comparing 

efficacy and safety of dabigatran etexilate or rivaroxaban with warfarin or 

standard of care are ongoing (Table 2). 

 

Secondary prevention 

Concerning antithrombotic prophylaxis for prevention of thrombosis 

after a first episode of CVST, it has been suggested to follow suggestions 

reported in guidelines on extra-cranial venous thrombosis.24 Concerning 

pregnancy and puerperium, prophylactic dose of LMWH for women who 

discontinued oral anticoagulation or therapeutic doses for those who remain 

pregnant during oral anticoagulation are suggested prophylaxis.28 
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Treatment in children and neonates 

In children, the correction of concomitant conditions such as 

dehydration or infections is of crucial importance, even more so than in adults. 

When CVST is secondary to otitis media complicated by mastoiditis, antibiotic 

treatment with cephalosporins is indicated. Antibiotics are also used in patients 

with infection-related jugular vein thrombosis (Lemierre’s syndrome), in 

particular against anaerobic microorganisms such as Fusobacterium 

necrophorum. In the absence of randomized controlled trials on anticoagulant 

treatment in children with CVST, current guidelines recommend therapeutic 

heparin doses independently of concomitant intracranial hemorrhage and 

endovascular treatment for patients with rapidly deteriorating neurological 

functions despite adequate anticoagulation, similarly to adults.109 For neonates 

there is no consensus on the management of the acute phase, and both 

anticoagulation or a conservative approach should be considered, treating 

concomitant illnesses. A promising alternative to the parenteral heparin or 

vitamin K antagonists that require laboratory monitoring (very uncomfortable 

in the pediatric population) are the DOACs, at present under investigation in 

any phase trials.110 The optimal duration of anticoagulant treatment is not well 

established, however 6 weeks to 3 months are recommended for neonates, and 

3 to 6 months for children.111 Thrombolysis should be used only in highly 

selected patients because of the bleeding risk, which is particularly high in 

neonates due to their immature hemostatic system. Moreover, the naturally 

low levels of plasminogen in neonates may decrease the efficacy of chemical 

thrombolysis and some authors suggest infusion of plasminogen through fresh 

frozen plasma before the procedure.109 

 

Conclusions 

Despite its low incidence rate, CVST represents one of the leading causes of 

stroke in young adults. A prompt diagnosis is necessary to avoid acute 

complications and long-term disabilities. The mainstay of therapy is 

anticoagulation, even if the optimal duration of treatment is currently under 

investigation. DOACs represent a fascinating option for treatment of CVST 

considering their safety profile and the lack of laboratory monitoring. Clinical 

trials with DOACs are currently ongoing in adults and children and their 

results will help in decision-making. 
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Summary 

 

Introduction: Oral contraceptive (OC) use increases the risk of venous 

thromboembolism (VTE), but the effect of duration of use remains to be 

elucidated.  

Patients and methods: This case-control study was aimed to investigate the 

duration of OC use on the risk of VTE according to women age, periods of 

use, prevalence of other risk factors and the role of thrombophilia 

abnormalities. Seven-hundred patients and 209 controls who used OC were 

stratified into short users (≤1 year), long users (1 to 5 years), and very long 

users (>5 years).  

Results and conclusions: Compared to non-users, the odds ratio (OR) for VTE 

was 9.0 (95% CI 6.9–12.2) in short, 6.5 (95% CI 4.8–83.7) in long and 5.9 

(95% CI 4.4–8.1) in very long users. The risk of VTE in short users was 

highest in women ≤30 years and in the first year of use (OR 13.1, 95% CI 7.7–

22.4) and decreased afterward (OR 7.7, 95% CI 5.0–11.9). This trend was not 

observed in women >30 years. Compared to non-carriers and non-users, a 

joint effect of thrombophilia abnormalities and OC use on VTE risk was 

observed particularly in short users (OR 62.2, 95% CI 29.8–129.6), but also 

afterward (OR 25.4, 95% CI 16.5–39.2). Other transient risk factors for VTE 

were present in 25% of very long and 16% of short users. 

In conclusion, the risk of VTE in OC users decreases over time only before 30 

years and in first users. Thrombophilia abnormalities strongly interact with the 

duration of OC use in determining VTE. 
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Introduction 

Oral contraceptives (OC) are the most popular and efficacious 

contraception method worldwide. However, their use is associated with an 

increased risk of venous thromboembolism (VTE), that is attributable either 

to the dose of estrogen and the type of progestogen.1  The use of OC increases 

the 0.5 to 1.0 per 10,000 person-years baseline incidence rate of VTE in 

women in childbearing age by a factor of approximately 6 or even more for 

preparations containing >30 μg of estrogen and progestogens other than 

levonorgestrel.2,3 Although the incidence of VTE remains low, OC use has a 

strong impact on the thrombotic risk, being >100 million women who use OC 

worldwide.4  The OC related risk of VTE is particularly high in women with a 

baseline increased risk, e.g. carriers of thrombophilia abnormalities, and the 

two risk factors interact synergistically on the thrombotic risk.5–7 Among 

women with VTE during childbearing age, the most common transient risk 

factor is OC use, recognized in approximately 60% of patients and inherited or 

acquired thrombophilia abnormalities are also frequently detected.8,9 Being 

VTE a multifactorial disease, more than one risk factor is frequently 

recognized and it is important to weight each of them on an individual basis. 

Indeed, it is known that the risk of thrombosis in OC users is higher in the 

first 6–12 months of use and in those using OC for the first time, but whether 

this difference is present at any age and is mediated by the presence of 

thrombophilia abnormalities has not been elucidated yet.1,2,5  

Aims of this case-control study were to investigate the association 

between the duration of OC use and the risk of VTE according to the age and 

the periods of OC use, the prevalence of other risk factors for VTE in OC 

users and the role of thrombophilia abnormalities according to the duration of 

use. 

 

Patients and methods 

In this case-control study women of childbearing age (defined as the 

period of life between puberty and menopause when it is physically possible to 

conceive) referred to our Thrombosis Center for thrombophilia screening 

after a first episode of objectively confirmed VTE between January 1994 and 

December 2014 formed the initial patients population. VTE included deep 

vein thrombosis of the lower limbs (diagnosed by compression ultrasound or 

venography), pulmonary embolism (V/Q lung scan, CT scan or pulmonary 
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angiography) and cerebral vein thrombosis (cerebral digital angiography, CT 

angiography, magnetic resonance or magnetic resonance angiography). 

Women with pregnancy- or cancer-related VTE were excluded because 

pregnancy mutually excludes OC use and cancer is a strong independent risk 

factor for VTE.10 Women with liver or renal diseases are not represented in 

our patients' population as their diseases affect most of the thrombophilia tests 

performed in plasma. The definition of liver and kidney disease was based on 

an existing diagnosis made by a specialist or abnormal liver or renal function 

tests. Healthy women of childbearing age, friends or partners of the whole 

population of the patients referred to our Center in the same study period, 

who voluntarily agreed to undergo thrombophilia testing, were selected as 

control group. Exclusion criteria for controls were pregnancy, overt neoplastic, 

autoimmune, liver or renal diseases at the time of blood sampling. Previous 

episodes of thrombosis were excluded by means of a validated questionnaire.11 

Information on OC use at the time of VTE for patients or blood sampling for 

controls, duration of use and previous periods of use were carefully collected, 

as well as the type of compound. OC were classified as first generation, 

containing lynestrenol or norethindrone/ norethindrone acetate; second 

generation, containing levonorgestrel or norgestrel; third generation, 

containing desogestrel or gestodene; fourth generation containing the 

antimineralocorticoid drospirenone; those containing cyproterone acetate; 

others, containing dienogest or transdermal patches or hormone releasing 

intrauterine devices. Surgery, trauma and immobilization (plaster casts or 

prolonged bed rest >1week) within a month preceding the eventwere 

considered transient risk factors for VTE. Events that occurred in the absence 

of the aforementioned risk factors were considered unprovoked. The study 

was approved by the Hospital Institutional Review Board and all patients and 

controls gave written informed consent to participate to the study. 

 

Laboratory tests 

Blood samples for thrombophilia testing were anticoagulated with 

sodium citrate (3.8% wt/vol) and taken after at least one month from VTE in 

patients and at the time of the visit in controls. Thrombophilia screening 

included: DNA analysis for the 1691 guanine to adenine substitution in 

coagulation factor V gene (factor V Leiden)12 and for the 20210 guanine to 

adenine substitution in the 3′-untranslated region of the prothrombin gene13 

that are both gain-of-function mutations associated with hypercoagulability; 
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functional and antigenic (when required) assays for plasma fibrinogen, 

antithrombin, protein C and protein S,14 antiphospholipid antibodies (lupus 

anticoagulant, anticardiolipin and anti-β2 glycoprotein IgG and IgM 

antibodies),15 plasma factor VIII, measured with one-stage coagulation 

bioassay using factor VIII-deficient plasma as substrate and the activated 

partial thromboplastin time as reagent.16 High factor VIII plasma levels were 

defined when exceeding the 95th percentile of the distribution among controls 

(158 IU/dL). Plasma homocysteine was measured both at fasting and after a 

methionine load of 3.8 g per square-meter of body surface area, and HHcy was 

defined when levels exceeded the 95th percentile of the homocysteine 

distribution among controls (17 and 22 μmol/L fasting levels and 28 and 29 

μmol/L the difference between post-methionine load and fasting levels, for 

women and men, respectively).17 Patients who were taking vitamin K-

antagonists at the time of the first visit were asked to provide a second blood 

sample after discontinuation of oral anticoagulant therapy, because it affects 

measurements of protein C and protein S. The inheritance of antithrombin, 

protein C and protein S deficiency was confirmed on a second blood sample 

and in at least one relative. 

 

Statistical analysis 

Duration of OC was calculated as the difference between the VTE 

index date for patients or blood sampling for controls and the beginning of 

OC use. If a women used more than one OC consecutively, or started a new 

OC within two months from the previous one, the time of OC use was 

considered uninterrupted. We chose three categories based on duration of OC 

use, grouping women into short users (≤1 year of uninterrupted OC use), long 

users (from 1 to 5 years), and very long users (>5 years). We analyzed the risk 

of VTE for short, long and very long OC users compared with non-users, by 

estimating the odds ratio (OR) with 95% confidence interval (CI), calculated 

by unconditional multivariable logistic regression adjusted for body mass index 

(BMI) and the presence of thrombophilia abnormalities. Because OC use is 

the most common risk factor for cerebral vein thrombosis, we performed a 

sensitivity analysis excluding patients with thrombosis at this site. The analysis 

was stratified for a predefined age cut-off of 30 years to account for the 

confounding effect of age, and for periods of OC use. Women who were 

taking OC for the first time in their life with no interruption or interruptions 

shorter than 2 months were considered first OC users.18 Those who used OC 
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in other periods of life other than at the time of VTE for patients or blood 

sampling for controls were considered multiple users if the periods of use were 

interrupted by a time frame of at least 2 months. The joint effect of short (≤1 

year of uninterrupted use) or long OC use (>1 year) with the presence of 

thrombophilia abnormalities was assessed comparing the risk of those with 

either one or both exposures with those with neither exposure (i.e., non OC 

users without thrombophilia). All analyses were performed with the statistical 

software SPSS (release 22.0, IBM Corp., Armonk, NY, USA). 
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Results 

From January 1994 to December 2014, thrombophilia screening was 

performed in 3089 women, 1724 with VTE and 1365 controls. After exclusion 

of women in postmenopausal age and those with pregnancy- or cancer-related 

VTE, 1020 patients and 887 controls of childbearing age remained, of whom 

700 (69%) and 209 (24%), respectively, were OC users (Fig. 1). Table 1 shows 

the general characteristics of the study population. Patients had mainly deep 

vein thrombosis of the lower limbs and/or pulmonary embolism (86%), were 

slightly younger and had a higher BMI and a higher prevalence of 

thrombophilia abnormalities than controls. Third generation preparations were 

the most widely used OC (66% of patients and 68% of controls), followed by 

fourth generation preparations (13% and 11%). In 560 patients (80%) OC use 

was the only transient risk factor for VTE, whereas in the remaining 140 

(20%) at least one additional transient risk factor was present (Table 1).  

 

Figure 1. Selection of the study population 
 

 
VTE =venous thromboembolism 
OC =oral contraceptive 
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Table 1 Demographic and clinical characteristics of oral contraceptive users. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

DVT = deep vein thrombosis, PE = pulmonary embolism, CVT = cerebral vein 
Thrombosis,  AT= antithrombin, PC = protein C, PS = protein S 

* 29 (4.1%) types of OC in patients and 9 (4.3%) types in controls are missing. 

† Containing dienogest or transdermal patches or hormone releasing intrauterine devices. 

‡ Some patients had more than one transient risk factor other than OC use. 

$ 11 autoimmune diseases, 18 infections, 3 inferior vena cava agenesia. 

 

The overall OR for VTE in OC users was 7.5 (95% CI 6.1–9.3). Table 2 shows 

the risk of VTE in relation to duration of OC use.   

    
Patients 

  
Controls 

Oral contraceptive users, n  700  209  
             Age, years, median (range)  30 (15-53) 32 (16-54) 
             BMI, kg/m

2

, median (range) 22.1 (15.4-42.5) 20.8 (17.2-33.7) 
             Months of use, median (range) 22.2 (0.2-371.1)  31.3 (0.2-333.4) 
             First users, n (%) 425 (60.7) 114 (54.5) 
Type of VTE, n (%)     
              DVT only 397 (56.7) - 
              PE only 120 (17.1) - 
              DVT and PE 82 (11.7) - 
              CVT 101(14.4) - 
Type of oral contraceptive, n (%)*     
              First generation 0 0  
              Second generation 24 (3.4) 12 (5.7) 
              Third generation 463 (66.2) 142 (67.9) 
              Fourth generation 88 (12.6) 16 (7.7) 
              Cyproterone acetate 67 (9.6) 10 (4.8) 
              Others† 29 (4.1) 20 (9.6) 
Type of thrombophilia abnormalities, n (%)     
             AT, PC or PS deficiency 37 (5.3) 3 (1.4) 
             Factor V Leiden 101 (14.4) 6 (2.9) 
             Prothrombin G20210A  93 (13.3) 7 (3.3) 
             Antiphospholipid antibodies 43 (6.1) 0 
             Hyperhomocysteinemia 94 (13.4) 14 (6.7) 
             High factor VIII  88 (12.6) 9 (4.3) 
Other risk factors, n (%) ‡     
             None  560 (80) 209 (100) 
             Surgery 39 (5.6) - 
             Trauma 38 (5.4) - 
             Immobilization 45 (6.4) - 
             Others$ 32 (5.6) - 
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Table 2. Risk of venous thromboembolism according to the duration of oral 

contraceptive use. 

Ref.: reference group 
* Adjusted for BMI and thrombophilia abnormalities 

Compared to non-users, short OC users had a 9-fold, long users 6.5-

fold and very long users 5.9-fold increased risk of VTE (Cochran-Armitage 

test for trend, p = 0.031). Adjustment for BMI and the presence of 

thrombophilia abnormalities did not affect the risk estimates. Sensitivity 

analysis limited to women taking third generation OC or excluding women 

with cerebral vein thrombosis gave similar results (data not shown). When we 

considered different categories of duration of OC use, i.e., ≤6 months, 6 

months to 1 year, 1 to 5 years, 5 to 10 years and >10 years, the trend of the 

risk estimates did not substantially change, but results become more unstable 

because of the small number of users in the additional strata. When analyses 

were done stratifying women by age ≤ 30 years (median 24 years, range 15–30 

in 365 patients and 25 years, range 16–30 in 91 controls) and >30 years 

(median 39 years, range 31–53 in 335 patients and 40 years, range 31–54 in 118 

controls) the risk of VTE was higher in the youngest group in the first year of 

use (adj. OR 13.1, 95% CI 7.7–22.4), whereas among the oldest the risk of 

VTE was 6 to 7-fold increased and not influenced by the periods and duration 

of OC use (Table 3).  

Very long OC users had at least another transient risk factor for VTE 

in 25% of cases compared to 16% in short OC users and at least two other 

risk factors were present in 10% and 5%, respectively. These figures were the 

same in women aged below or above 30 years. Thrombophilia abnormalities 

were slightly more prevalent in short OC users than in very long users, either 

as exclusive (48% and 39%) or non-exclusive (55% and 52%) risk factor for 

VTE. 

Table 4 shows the joint effect of thrombophilia and OC use according 

to the duration of use. The risk of VTE was higher in women with 

thrombophilia abnormalities, particularly short OC users, than in those 

without thrombophilia and non-users (adj. OR 62.2, 95% CI 29.8– 129.6). 

Duration of use Patients, n. Controls, n. OR (95% CI) Adj*OR
 

(95%CI) 
Non-users  320  678  Ref. Ref. 

Very long users  203  72  5.9 (4.4-8.1) 6.1 (4.5-8.5) 
Long users 220  72  6.5 (4.8-8.7) 6.9 (5.0-9.4) 

Short users 277  65  9.0 (6.9-12.2) 8.8 (6.4-12.1) 
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After the first year of OC use the relative risk in thrombophilia carriers 

decreased but remained still high (adj. OR 25.4, 95% CI 16.5– 39.2).  

Table 3. Effect of age and period of OC use on the risk of venous 

thromboembolism according to the duration of OC use. 

Ref.: reference group 
* Adjusted for BMI. 

Table 4. Joint effect of oral contraceptive use with thrombophilia 

abnormalities according to the duration of use. 

Ref.: reference group 
* Adjusted for BMI. 

 

Age  Periods 

of use 
Duration of 

use 
Patient, 

n 
Controls, 

n 
OR 

(95% CI) 
Adj*OR 
(95% CI) 

30 

years 

First 
Non-users 124 241 Ref. Ref. 
Long users 139 37 7.3 (4.8-11.1) 7.7 (5.0-11.9) 
Short users 130 19 13.3 (7.8-22.5) 13.1 (7.7-22.4) 

Multiple 
Non-users 124 241 Ref. Ref. 
Long users 48 22 4.2 (2.4-7.3) 4.3 (2.5-7.5) 
Short users 48 13 7.2 (3.7-13.7) 7.0 (3.6-13.5) 

>30 

years 

First 
Non-users 196 437 Ref. Ref. 
Long users 112 46 5.5 (3.7-7.9) 6.2 (4.1-9.1) 
Short users 44 12 8.2 (4.2-15.9) 7.7 (3.9—15.1) 

Multiple 
Non-users 196 437 Ref. Ref. 
Long users 124 39 7.1 (4.9-10.6) 7.4 (4.9-11.1) 
Short users 55 21 5.9 (3.5-9.9) 6.2 (3.6-10.6) 

 
Patients Controls OR 

(95% CI) 
Adj*OR 
(95% CI) 

Non-users/thrombophilia- 170 577 Ref. Ref. 
Non-users/thrombophilia+ 150 101 4.1 (3.0-5.5) 4.0 (2.9-5.4) 
Long and very long 

users/thrombophilia- 213 120 6.1 (4.6-8.1) 6.6 (4.9-8.8) 
Long and very long 

users/thrombophilia+ 210 24 23.9 (15.6-36.5) 25.4 (16.5-39.2) 

Short users/thrombophilia- 125 59 7.2 (5.1-10.3) 7.5 (5.3-10.8) 

Short users/thrombophilia+ 152 6 62.6 (30.1-130.1) 62.2 (29.8-129.6) 
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These figures were higher in first OC users (adj. OR 158.2, 95% CI 38.6–648.5 

for short users and 25.9, 95% CI 15.0–44.9 for long or very long users) than in 

multiple OC users (adj. OR 30.8, 95% CI 13.0– 72.6 for short users and 21.3, 

95% CI 11.6–39.2 for long or very long users). Among women without 

thrombophilia abnormalities the risk of VTE was 7.5-fold increased in short 

OC users and 6.5-fold after the first year of use, compared to non-users 

without thrombophilia. Excluding women with CVT, the risk of VTE in 

carriers of thrombophilia slightly decreased both in short users (adj. OR 56.9, 

95% CI 27.2–118.9) and after the first year of use (adj. OR 22.2, 95%CI 14.3–

34.5). These estimates did not substantially change when considering among 

thrombophilia abnormalities only the most common factor V Leiden and 

prothrombin G20210A mutations. 

 

Discussion 

The first robust observation of a highest risk of VTE during the first 

6-12 months of OC use and in carriers of thrombophilia was made in the 

frame of the population-based case-control Leiden Thombophilia Study, in 

109 patients with VTE and 65 controls 5. The large sample size of our study 

allowed us to estimate the risk of VTE according to three categories of 

duration of OC use (≤1 year, 1 to 5 years and >5 years), to perform 

subanalyses by strata of age (≤ or > 30 years) and periods of assumption (first 

and multiple OC users), and to evaluate the joint effect of OC use and 

thrombophilia abnormalities according to the duration of use. Our study 

shows that the increased risk of VTE in OC users decreases progressively over 

time. In women who use OC for more than 5 years, the risk of VTE halves 

that observed in the first year of use. However, this is valid only for women 

aged less than 30 years who are first users, i.e., those who used an OC at the 

time of VTE for the first time in their life with no other periods of assumption 

in the past. In addition, the longer the duration of OC use, the higher the 

prevalence of transient risk factors for VTE other than OC and the (slightly) 

lower the prevalence of thrombophilia abnormalities. In a pattern of causality, 

this means that after a certain period of OC use, other triggering factors 

become more important to develop the disease. The synergistic effect between 

OC use and the presence of thrombophilia abnormalities was highest in the 

first year of OC use and particularly in first users, but remained still high in the 

following years of use, being weakest in multiple users for more than one year. 

Our observation of a progressive decrease of the risk of VTE with the length 
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of OC use is in contrast with data stemming from a Danish population study 

that did not find a reduction of the risk in women who used OC for more than 

4 years compared to those who used OC for one to 4 years, but the different 

design of the two studies makes them not comparable 2. On one hand, among 

the strengths of our study other than the large sample size for a single-center 

case-control study, there is the accuracy of diagnosis of VTE and the expertise 

of our laboratory to perform thrombophilia screening, which was uniformly 

done in all patients and controls. On the other hand, our Thrombosis Center 

is a tertiary care center where patients are referred for thrombophilia screening 

after a first VTE and therefore our women are likely not representative of the 

VTE patients from the general population. Other limitations of this study 

need to be addressed. First, our results can not be generalized to all OC, as 

two thirds of women were taking third generation compounds that contain 

desogestrel or gestodene as progestogen, which is known to be associated with 

a higher risk of VTE than levonorgestrel 2,3. This preference of prescription 

reflects the overall preference of prescription in the Italian population and the 

small proportion of users of OC other than the third generation ones did not 

allow separate analysis according to the type of compound 18. Second, one may 

argue that we included among our patients also those with cerebral vein 

thrombosis, in whom the association between the disease and OC use is 

stronger than for other sites of VTE 19. However, the risk estimates only 

slightly decreased when the analyses were performed only in women with 

lower-limb deep vein thrombosis and/or pulmonary embolism, and the 

differences found according to periods and duration of OC use, and presence 

or absence of thrombophilia abnormalities did not substantially change. 

Finally, due to the case-control design, information on OC use were collected 

after the occurrence of the disease and this may raise concern that the disease 

affected the OC duration (recall bias). However, it is likely that this bias was 

equally distributed between patients (more incline to remember the exposure 

but interviewed after VTE) and controls (less incline to remember the 

exposure but interviewed while taking OC). In conclusion, our study provides 

the new clinical information that the duration of OC use influences the risk of 

VTE in young women (median age 25 years) but not in older ones (median age 

40 years), and that the risk of VTE associated with duration of OC use 

strongly interacts with the presence of thrombophilia abnormalities, 

particularly in the first year of OC use but, at a lesser extent, also later. 

Moreover, the longer the use of OC the higher the number of other transient 
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risk factors present at the time of VTE, independently of women age. These 

results are helpful in evaluating the individual profile of the risk of VTE and 

therefore in optimizing patients’ management. 



70 
 

References 

1. van Hylckama Vlieg A, Helmerhorst FM, Vandenbroucke JP, Doggen CJ, Rosendaal FR. The 
venous thrombotic risk of oral contraceptives, effects of oestrogen dose and progestogen type: 
results of the MEGA case-control study. Bmj. 2009; 339: b2921.  

2. Lidegaard O, Lokkegaard E, Svendsen AL, Agger C. Hormonal contraception and risk of 
venous thromboembolism: national follow-up study. Bmj. 2009; 339: b2890. 

3. Stegeman BH, de Bastos M, Rosendaal FR, van Hylckama Vlieg A, Helmerhorst FM, Stijnen 
T, Dekkers OM. Different combined oral contraceptives and the risk of venous thrombosis: 
systematic review and network meta-analysis. Bmj. 2013; 347: f5298. 

4. Christin-Maitre S. History of oral contraceptive drugs and their use worldwide. Best Pract Res 
Clin Endocrinol Metab. 2013; 27: 3-12.  

5. Bloemenkamp KW, Rosendaal FR, Helmerhorst FM, Vandenbroucke JP. Higher risk of 
venous thrombosis during early use of oral contraceptives in women with inherited clotting 
defects. Arch Intern Med. 2000; 160: 49-52. 

6. Bloemenkamp KW, Rosendaal FR, Helmerhorst FM, Buller HR, Vandenbroucke JP. 
Enhancement by factor V Leiden mutation of risk of deep-vein thrombosis associated with 
oral contraceptives containing a third-generation progestagen. Lancet. 1995; 346: 1593-6. 

7. Martinelli I, Taioli E, Bucciarelli P, Akhavan S, Mannucci PM. Interaction between the 
G20210A mutation of the prothrombin gene and oral contraceptive use in deep vein 
thrombosis. Arterioscler Thromb Vasc Biol. 1999; 19: 700-3. 

8. Vandenbroucke JP, Koster T, Briet E, Reitsma PH, Bertina RM, Rosendaal FR. Increased risk 
of venous thrombosis in oral-contraceptive users who are carriers of factor V Leiden 
mutation. Lancet. 1994; 344: 1453-7. 

9. Venous thromboembolic disease and combined oral contraceptives: results of international 
multicentre case-control study. World Health Organization Collaborative Study of 
Cardiovascular Disease and Steroid Hormone Contraception. Lancet. 1995; 346: 1575-82. 

10. Khorana AA. Cancer-associated thrombosis: updates and controversies. Hematology Am Soc 
Hematol Educ Program. 2012; 2012: 626-30.  

11. Frezzato M, Tosetto A, Rodeghiero F. Validated questionnaire for the identification of 
previous personal or familial venous thromboembolism. Am J Epidemiol. 1996; 143: 1257-65. 

12. Bertina RM, Koeleman BP, Koster T, Rosendaal FR, Dirven RJ, de Ronde H, van der Velden 
PA, Reitsma PH. Mutation in blood coagulation factor V associated with resistance to 
activated protein C. Nature. 1994; 369: 64-7.. 

13. Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A common genetic variation in the 3'-
untranslated region of the prothrombin gene is associated with elevated plasma prothrombin 
levels and an increase in venous thrombosis. Blood. 1996; 88: 3698-703. 

14. Tripodi A. A review of the clinical and diagnostic utility of laboratory tests for the detection of 
congenital thrombophilia. Seminars in thrombosis and hemostasis. 2005; 31: 25-32.  

15. Pengo V, Tripodi A, Reber G, Rand JH, Ortel TL, Galli M, De Groot PG, Subcommittee on 
Lupus Anticoagulant/Antiphospholipid Antibody of the S, Standardisation Committee of the 
International Society on T, Haemostasis. Update of the guidelines for lupus anticoagulant 
detection. Subcommittee on Lupus Anticoagulant/Antiphospholipid Antibody of the 
Scientific and Standardisation Committee of the International Society on Thrombosis and 
Haemostasis. Journal of thrombosis and haemostasis: JTH. 2009; 7: 1737-40.  

16. Mannucci PM, Tripodi A. Factor VIII clotting activity. In Jaspersin J, Bertina RM, Haverkate 
F, Editors Laboratory Tecnics in Thrombosis A Manual Dordrecht: Kluwer Academic 
Publishers. 1999. 

17. Zighetti ML, Cattaneo M, Falcon CR, Lombardi R, Harari S, Savoritto S, Mannucci PM. 
Absence of hyperhomocysteinemia in ten patients with primary pulmonary hypertension. 
Thrombosis research. 1997; 85: 279-82. 

18. Spinelli A, Talamanca IF, Lauria L. Patterns of contraceptive use in 5 European countries. 
European Study Group on Infertility and Subfecundity. Am J Public Health. 2000; 90: 1403-8. 



71 
 

19. Naess IA, Christiansen SC, Romundstad P, Cannegieter SC, Rosendaal FR, Hammerstrom J. 
Incidence and mortality of venous thrombosis: a population-based study. Journal of 
thrombosis and haemostasis: JTH. 2007; 5: 692-9.  

20. Martinelli I. Cerebral vein thrombosis. Thrombosis research. 2013; 131 Suppl 1: S51-4.  



72 
 

 

  



73 
 

 

 

 

Chapter 5 

Pregnancy outcome after a first episode of 

cerebral vein thrombosis. 
 

 

 

 

 

 

 

 

 

 

 

 

Martinelli I, Passamonti SM, Maino A, Abbattista M, Bucciarelli P, Somigliana E, Artoni 

A, Gianniello F, Peyvandi F.  

 

J Thromb Haemost. 2016 Dec;14(12):2386-2393. doi: 10.1111/jth.13496. Epub 2016 

Oct 12. PMID: 27598406. 

 

 



74 
 

Essentials 

• Little is known about recurrences and pregnancy outcome after cerebral vein 

thrombosis (CVT). 

• We studied a cohort of pregnant women with CVT. 

• Women with CVT appear at increased risk of late obstetrical complications 

despite prophylaxis. 

• Risks of recurrent thrombosis and bleeding in women on heparin 

prophylaxis while pregnant are low. 

 

Summary 

Background: The risk of recurrent thrombosis and bleeding episodes in women 

with previous cerebral vein thrombosis (CVT) on antithrombotic prophylaxis 

with low-molecular-weight heparin (LMWH) during pregnancy is not 

established and little information is available on pregnancy outcome.   

Objectives: The aims of this study were to evaluate the risk of obstetrical 

complications, recurrent venous thrombosis and bleeding in a cohort of 

pregnant women on LMWH after a first episode of CVT. In addition, to 

estimate the relative risk of obstetrical complications, patients were compared 

with healthy women without thrombosis and with at least one pregnancy in 

their life.   

Patients: We studied a cohort of 52 patients and 204 healthy women.   

Results: The risk of developing late obstetrical complications was 24% (95% 

CI, 18–38%), leading to a relative risk of 6.09 (95% CI, 2.46–15.05). The risk 

of miscarriage was not increased. The higher risk of late obstetrical 

complications in patients appeared unrelated to a previous history of 

obstetrical complications, to the carriership of thrombophilia abnormalities, or 

to the presence of co-morbidities. The incidence of termination observed in 

patients with thrombophilia was double that observed in those without. No 

recurrent thrombosis or bleeding episodes were observed.   

Conclusions: Women with previous CVT on LMWH prophylaxis during 

pregnancy have a low risk of developing recurrent thrombosis or bleeding 

episodes, but seem to have an increased risk of late obstetrical complications.  
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Introduction 

 

Cerebral vein thrombosis (CVT) is a rare life-threatening disease that occurs in 

three to four adult individuals per one million per year [1]. Because of a strong 

association between CVT and oral contraceptive use or 

pregnancy/puerperium, women of childbearing age account for twothirds of 

described cases [2]. The majority of patients with a first CVT receive 

anticoagulant treatment for a limited period that varies from 3 to 12 months, 

depending on the type and number of risk factors present at the time of the 

episode, although in the absence of controlled trials the optimal duration of 

anticoagulant treatment is based on experts’ opinions [3-5]. The recurrence 

rate of thrombosis after oral anticoagulant withdrawal is low, ranging from 

1.9% to 4.4% for CVT and from 3.7% to 12.9% for lower limb deep vein 

thrombosis and/or pulmonary embolism [3,4,6-9]. Similarly to patients with 

venous thrombosis at other sites, those who had a CVT and discontinued oral 

anticoagulant therapies receive secondary antithrombotic prophylaxis with 

low-molecular-weight heparin (LMWH) during high-risk situations, such as 

surgical interventions, fractures, prolonged bed rest and 

pregnancy/puerperium [10].  

Women with a predisposition to develop thrombosis may also develop 

obstetrical complications as a result of impaired placental circulation. 

Thrombophilia abnormalities are associated not only with an increased risk of 

thrombosis, but also of obstetrical complications, either miscarriages or late 

placenta-mediated complications [11,12]. Randomized controlled trials failed 

to show a benefit of LMWH prophylaxis in preventing recurrent miscarriages 

[13–15], but suggest, as confirmed by a summary-based meta-analysis, a 

positive treatment effect on late placenta-mediated complications in women 

with or without thrombophilia [16]. Because of the rarity of the disease, scarce 

and scattered information is available on the risk of recurrent venous 

thrombosis during pregnancy and on maternal and fetal outcome in women 

who remain pregnant after an episode of CVT [17,18]. A recent review of 13 

studies reported an increased risk of pregnancy-related recurrent thrombosis 

and a low risk of spontaneous abortion with respect to the general population 

[18].  

The aims of this study were to evaluate the obstetrical outcome in a 

cohort of women on antithrombotic prophylaxis with LMWH after a first 

episode of CVT, the risk of pregnancy-related recurrent venous thrombosis 
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and the safety of LMWH treatment. In addition, to estimate the relative risk of 

obstetrical complications, patients with previous CVT were compared with a 

cohort of healthy women without thrombosis and with at least one pregnancy 

in their life. 

 

Patients and methods 

 

Study population  

All patients referred to our center from January 1995 for a 

thrombophilia work-up after a first episode of CVT (objectively documented 

with digital angiography, CT angiography, magnetic resonance or magnetic 

resonance angiography) were invited to contact the center in the case of 

symptoms of recurrent CVT or thrombosis at other sites, as well as in high-

risk situations (i.e. surgery, trauma, need for hormone therapies and 

pregnancy). In particular, women of childbearing potential were counseled 

about a future pregnancy and invited to come back to the center as soon as 

possible after a positive pregnancy test to be prescribed antithrombotic 

prophylaxis with LMWH. A letter for the general practitioner and the 

gynecologist containing this information, our telephone contacts and the 

invitation to refer the patient to the center at the beginning of pregnancy was 

given to all women. Physicians from the center also contacted the women by 

telephone on a yearly basis. According to the national guidelines of the Italian 

Society for Haemostasis and Thrombosis [19], a dose of 4000 IU of sodium 

enoxaparin or 3800 IU of calcium nadroparin as a daily subcutaneous injection 

was prescribed to pregnant women for the whole gestational period and the 

puerperium (the 6-week period after delivery). One woman received 

fondaparinux 2.5 mg o.d. because of a previous heparin-induced 

thrombocytopenia. The comparison cohort comprised healthy women, who 

were partners or friends of the patient group, who agreed to be tested for 

thrombophilia in the same timeframe as patients. An ongoing pregnancy or 

puerperium and surgery or major trauma within the previous month were 

exclusion criteria. The inclusion criterion in this study was having had at least 

one pregnancy between the age of 22 and the age of 42 (minimum and 

maximum value at index pregnancy in patients). In addition, healthy women 

were matched with patients by gravidity at the index pregnancy. Four healthy 

women for each patient were randomly selected. The use of oral 

contraceptives at the time of blood sampling was recorded. Previous episodes 
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of thrombosis were excluded by means of a validated questionnaire [20]. The 

obstetrical history was recorded in the study population, including gravidity 

(number of times that a woman has been pregnant), parity (number of times 

that a woman has delivered a fetus with a gestational age of 24 weeks or more) 

and pregnancy outcome. The study was approved by the Hospital Institutional 

Review Board and all women gave written informed consent to participate in 

the study.  

 

Definition of outcomes  

As adverse obstetrical outcomes we considered miscarriage, defined as 

pregnancy loss occurring before the 20th gestational week [21], and late 

placenta-mediated complications that occurred beyond the 20th gestational 

week. Particular care was given to the collection of data on hypertensive 

disorders developing during pregnancy or the puerperium, placental disorders 

and neonatal health. The term ‘termination’ refers to an elective voluntary 

abortion. Preterm birth was defined as a delivery before 37 weeks gestation. 

The diagnosis of fetal growth restriction was based on the documentation of 

an abnormal fetal growth in utero confirmed by a newborn weight < 10th 

percentile, according to the local referral values [22]. Preeclampsia was defined 

as the concomitant presence of hypertension and a significant amount of 

protein in the urine [23]. Recurrent CVT or thrombosis at other sites was 

assessed by confirming the event with the same objective diagnostic methods 

described for the first CVT (see above) and other methods for thrombosis at 

other sites (e.g. compression ultrasound or venography for deep vein 

thrombosis of the limbs and lung V/Q scan for pulmonary embolism). The 

safety of LMWH was assessed in terms of major or minor bleeding according 

to the definition of the International Society of Thrombosis and Haemostasis 

[24], local (at the site of injection) or diffuse skin reactions, or development of 

heparin-induced thrombocytopenia.  

 

Thrombophilia testing  

Blood samples for thrombophilia testing were anticoagulated with 

sodium citrate (3.8% wt/vol) and taken at least 1 month after CVT in patients 

and at the time of the visit in the healthy-women group. Thrombophilia work-

up included: DNA analysis for the 1691 guanine to adenine substitution in the 

coagulation factor (F) V gene (FV Leiden) [25] and for the 20210 guanine to 
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adenine substitution in the 30-untranslated region of the prothrombin gene 

[26], which are both gain-of-function mutations associated with 

hypercoagulability; functional and antigenic (when required) assays for plasma 

antithrombin, protein C and protein S [27]; antiphospholipid antibodies (lupus 

anticoagulant, anticardiolipin and anti-b2 glycoprotein I IgG and IgM 

antibodies) [28]; and plasma FVIII, measured with one-stage coagulation 

bioassay using FVIII-deficient plasma as substrate and the activated partial 

thromboplastin time as reagent [29]. High FVIII plasma levels were defined as 

exceeding the 95th percentile of the distribution among controls (158 IU dL 

1). Fasting and/or postmethionine load hyperomocysteinemia [30], tested in 

patients after CVT, was considered among the causes of thrombophilia only 

for the risk of first CVT and not for thrombosis during pregnancy, because 

pregnant women are supplemented with folic acid (for the prevention of spina 

bifida in the fetus), which reduces plasma homocysteine levels. Patients who 

were taking vitamin K antagonists at the time of the first visit were asked to 

provide a second blood sample after discontinuation of oral anticoagulant 

therapy, because this therapy affects measurements of protein C and protein S. 

The inheritance of antithrombin, protein C and protein S deficiency was 

confirmed in a second blood sample and in at least one relative.  

 

Statistical analysis  

Median and minimum-maximum values were used for continuous 

variables, and count and percentage were used to describe demographic and 

obstetrical variables. Patients with CVT were followed from the time of 

thrombosis to the first occurring pregnancy within July 2015 (index 

pregnancy). We decided to stop the follow-up at the completion of the index 

pregnancy because this is the one on which the influence of CVT itself, if any, 

is greater. The risk of miscarriage, late obstetrical complications and 

terminations at the index pregnancy was calculated by dividing the number of 

pregnancy outcomes by the total number of pregnancies at risk, and the 

corresponding 95% confidence intervals (CI) were calculated [31]. We 

calculated that with a sample of 65 patients with CVT and an expected 30% 

risk of obstetrical complications, we would obtain an 11% (95% CI, 0.19–0.41) 

precision regarding the risk estimate. Outcomes of index pregnancies were 

compared with those of a healthy group of women in terms of risk ratios 

(RRs) and corresponding 95% CI. As the index pregnancy for the healthy-

women group, we considered the last one before the visit to the center for 
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thrombophilia testing. Because thrombophilia may be associated with both 

CVT and adverse pregnancy outcome, and therefore might act as a 

confounder, the main analysis has been stratified for the presence of at least 

one marker of thrombophilia, and the RRs calculated for the subgroups that 

were thrombophilia positive or negative. Finally, to evaluate the risk of 

obstetrical complications we compared the pregnancy outcomes of women 

with pregnancies either before or after CVT in a case-crossover design (i.e. a 

model in which each case serves as its own control). We considered the 

‘control window’ to be the pregnancy preceding CVT and the ‘case window’ to 

be the index pregnancy. The risk during the case window was compared with 

the risk during the control window and unadjusted odds ratios (ORs) with 

95% CI were calculated as a surrogate for relative risks. 

 

Results 

 

In the 20-year study period 283 patients aged ≥ 15 years with a first 

objectively confirmed CVT were referred to the center, of whom 215 were 

women (median age at referral, 34 years [range 15–77]) and 192 of 

childbearing age (33 years [range 15–52]). Among the latter, 59 (31%) became 

pregnant after CVT. The last pregnancy included in the study started in July 

2015 and ended in January 2016 with a late obstetrical complication 

(preeclampsia). All the women were Italian. Fifty-two women returned to the 

center, and we became aware of pregnancy in the seven remaining women 

through telephone calls. These seven women did not receive LMWH during 

pregnancy and were therefore excluded. Their pregnancies ended in 

miscarriage for four women, fetal growth restriction in one woman, 

termination in one and full-term delivery in one woman; no recurrent CVT or 

thrombosis at other sites was reported. Table 1 shows the general 

characteristics of the 52 women who received LMWH prophylaxis during 

pregnancy and those of the healthy-women group. In patients the most 

frequently involved sinuses were the lateral and the superior sagittal, and in 

38% of patients CVT occurred in more than one sinus. The most common 

transient risk factor at the time of CVT was oral contraceptive use (81% vs. 

17% in healthy women), followed by pregnancy or puerperium (17%). Only 

one woman had an idiopathic CVT. An inherited or acquired thrombophilia 

abnormality, mainly heterozygous prothrombin G20210A mutation, was 

found in 24 patients (54%) and 31 healthy women (15%). 
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Table 1 General characteristics of patients who remained pregnant after CVT 

(only the first pregnancy after CVT was considered as index pregnancy) and of 

a comparison group of healthy women who had at least one pregnancy (only 

the last pregnancy before blood sampling was considered as the index 

pregnancy) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AT, antithrombin; PC , protein C; PS, protein S.* Some patients had more than one 
transient risk factor at the time of thrombosis or thrombophilia abnormality. † No 
more present in patients at the time of index pregnancy  

 

At the conceiving of the index pregnancy five women (10%) were taking 

vitamin K antagonists (three were within the therapeutic period and two 

continued for longer than needed because of their own preferences) and 47 

(90%) had already discontinued this therapy. All women received LMWH 

prophylaxis for the whole gestational period. In 17 women, antithrombotic 

prophylaxis with LMWH had already been started by the gynecologist or the 

 Patients Healthy women 

No. 52 204 

Age at thrombosis, y, median (range)  26 (16-40) - 

Age at first referral to the Center, y, median (range) 29 (18-41) 47 (26-63) 

Age at index pregnancy, y, median (range) 32 (22-42) 30 (22-42) 

Body Mass Index, kg/m2, median (range) 21 (17-36) 23 (16-41) 

Involved sinuses/veins, n (%)   

           superior sagittal sinus 24 (47)  

           lateral sinus 35 (67)  

           straight  sinus 8 (15)  

           cavernous sinus 0  

           inferior sagittal sinus 3 (6)  

           cortical veins 1 (2)  

           jugular veins 5 (10)  

           combined 20 (38)  

Transient risk factors, n (%)*   

             none  1 (2) 169 (83) 

             surgery 4 (8) 0 

             major trauma 0 0 

             oral contraceptive use 42 (81) 35 (17) 

             pregnancy/puerperium 9 (17) 0 

Type of thrombophilia abnormalities, n (%)*   

              none 24 (46) 173 (85) 

              factor V Leiden 5 (10) 6 (3) 

              prothrombin G20210A  13 (25) 5 (2) 

              AT, PC or PS deficiency 5 (10) 2  (1) 

              antiphospholipid antibodies† 2 (4) 2 (1) 

              high factor VIII  2 (4) 2 (1) 

              hyperhomocysteinemia† 12 (23) 15 (7) 
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general practitioner, and in the remaining 35 it was started by one of us. No 

woman took aspirin as an additional medication. The median gestational age at 

which women started LMWH prophylaxis was 7 weeks (interquartile range, 6–

9). No recurrent CVT, thrombosis at other sites, major or minor bleeding or 

heparin-induced thrombocytopenia was observed during the index pregnancy. 

One woman had a transient local skin reaction at the beginning of treatment 

that recovered promptly with an antihistaminic cream. Table 2 shows the 

outcome of the index pregnancy in the study population. The proportion of 

term pregnancies was 74% in patients and 86% in the healthy-women group. 

Patients and healthy women were similar for the risk of miscarriage (2% and 

9%), but differed for the risk of late obstetrical complications, which were 

observed in 24% and 4% of women, respectively, for a relative risk of 6.09 

(95% CI, 2.46–15.05). None of the women with late obstetrical complications 

had pre-existing diabetes mellitus, arterial hypertension, renal diseases or other 

comorbidities predisposing to an adverse pregnancy outcome. The slightly 

higher incidence of terminations in patients than in healthy women (19% and 

12%) was likely to be attributable to the high parity (n = 4) in two patients and 

a previous termination in another patient. High parity and previous 

terminations were present in two healthy women, and the incidence of 

termination in the two groups not considering these women was 13% and 

11%, respectively. Overall, gravidity and parity among patients and healthy 

women were 82 and 68, and 344 and 253, respectively. These figures remained 

similar in the group of women with term pregnancies and in those with late 

obstetrical complications. Among the 31 patients with a term index pregnancy, 

25 were primigravidae and six had at least one previous pregnancy before 

CVT, all at term but one termination. The only patient who ended the index 

pregnancy with a miscarriage was in her first pregnancy. Of the 10 women 

who had a late obstetrical complication, six were primigravidae, three had 

previous term pregnancies and one had a previous placental abruption. Among 

the 10 patients who terminated their index pregnancy, three were 

primigravidae, six had at least one previous term pregnancy and one had a 

previous termination. Table 3 shows the relative risk of pregnancy 

complications according to the presence or absence of thrombophilia 

abnormalities. Among patients with thrombophilia, 12 (80%; seven 

heterozygous prothrombin G20210A mutation, one FV Leiden, two 

antithrombin deficiency, one protein C deficiency and one combined FV 

Leiden and protein C deficiency) had a term index pregnancy and three (20%; 
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one homozygous prothrombin G20210A mutation, one double heterozygous 

FV Leiden and prothrombin G20210A and one high FVIII) had obstetrical 

complications. The relative risk of obstetrical complications was similar in 

women with or without thrombophilia, whereas carriership of thrombophilia 

was associated with a 2-fold probability of termination. When excluding two 

women with thrombophilia who had four pregnancies and one termination 

before CVT, the rate of termination was 22.7% in patients and 12.5% in 

healthy women, for a relative risk of 1.82 (95% CI, 0.35–9.37). Seventeen of 

the 52 women with pregnancy after CVT had had at least one pregnancy 

before CVT. As shown in Table 4, comparing the last 17 pregnancies before 

(median age 27.5 years, range 20–34) with the first 17 pregnancies after 

(median age, 32 years; range, 25–42) CVT, the rate of late obstetrical 

complications was 13% and 40% (none of these women had thrombophilia) 

and that of termination was 6% and 41%. Excluding two women who 

terminated the index pregnancy because it was the fifth and one who had a 

previous termination, the rate of terminations after CVT was 24%, still four 

times higher than before CVT. 

Table 2 Outcome of the index pregnancy in patients (the first after CVT) and 

healthy women (the last before blood sampling) 

 
Patients 

n=52 Risk (95%CI) 

Healthy women 

n=204 Relative Risk (95%CI) 

Pregnancy outcome, n.(%)     

Term* 31 (74) 0.74 (0.59-0.85) 155 (86) 0.85 (0.71-1.03) 

Miscarriage 1 (2) 0.02 (0.00-0.11) 18 (9) 0.24 (0.03-1.72) 

Late obstetrical complications*† 10 (24) 0.24 (0.18-0.38) 7 (4) 6.09 (2.46-15.05) 

Terminations 10 (19) 0.19 (0.10-0.32) 24 (12) 1.78 (0.92-3.42) 

* Percentage calculated excluding terminations. † Preeclampsia/eclampsia/HELLP in four patients and five 
healthy women; stillbirth in one patient and one healthy woman; fetal growth restriction in four patients and 1 
healthy woman; placental abruption in one patient. 

 

Table 3 Relative risk of pregnancy complications in women with or without 

thrombophilia abnormalities 

* percentage calculated excluding terminations †among thrombophilia positive, 1 miscarriage and 2 
late obstetrical complications in patients and 1 miscarriage in healthy women; among thrombophilia 
negative, 0 miscarriage and 8 late obstetrical complications in patients and 17 miscarriages and 7 late 
obstetrical complications in healthy women. 

 Thrombophilia positive  Thrombophilia negative  

 Patients 

n=22 

Healthy 

women 

n=16 

Relative Risk 

(95%CI) 

Patients 

n=30 

Healthy 

women 

n=188 

Relative Risk 

(95%CI) 

Pregnancy outcome, n (%)       

Term* 12 (80) 13 (92.9) 0.86 (0.39-1.89) 19 (70) 142 (85.5) 0.82 (0.51-1.33) 

Miscarriage/ late obstetrical 

complications*† 3 (20) 1 (7) 2.80 (0.29-26.9) 8 (29.6) 24 (14.5) 2.04 (0.92-4.56) 

Terminations 7 (31.8) 2 (12.5) 2.55 (0.53-12.3) 3 (10) 22 (11.7) 0.85 (0.26-2.86) 
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Table 4 Pregnancy outcome of the 17 patients with pregnancies 

either before or after CVT 
 

 

 

 

 

*Percentage calculated excluding terminations.†Among pregnancies before CVT , one 

placental abruption and one preeclampsia; among pregnancies after CVT, one stillbirth, two 

fetal grow restrictions and one placental abruption. 

Discussion 

This is the first observational study designed to investigate the obstetrical 

outcome of women on antithrombotic prophylaxis with LMWH because of a 

previous episode of CVT, the recurrence rate of thrombosis and the safety of 

prophylaxis during pregnancy. Our cohort of women who became pregnant 

after CVT was compared with a population of healthy women who had at least 

one previous pregnancy and were similar to patients in age at the index 

pregnancy and gravidity. With an intermediate dose of LMWH prophylaxis we 

did not observe pregnancy- related recurrent thrombosis or bleeding episodes, 

and only one woman developed a transient skin reaction. We also observed 

that patients with previous CVT had a 24% probability of developing a late 

obstetrical complication and a 6-fold increased risk compared with healthy 

women without previous CVT. We looked at the possibility that this figure 

was influenced by the obstetrical history (women with obstetrical 

complications are more prone to have recurrent complications in a future 

pregnancy) [32] or by the presence of thrombophilia abnormalities (which may 

increase the risk of obstetrical complications) [11,33]. Our study shows that 

the high rate of late obstetrical complications was not associated with a 

previous history of obstetrical complications, because only one woman had a 

recurrent placental abruption and gravidity and parity were similar in women 

with term pregnancies and those with complications. This observation was 

confirmed by the case-crossover analysis, which showed an increased risk of 

late obstetrical complications in pregnancies after CVT, apparently not 

justified by the increased mean age of pregnant women (27 vs. 32 years). 

Moreover, co-morbidities potentially affecting pregnancy outcome were absent 

in our women and also carriership of thrombophilia abnormalities did not 

 

Last 

pregnancy 

before CVT 

First 

pregnancy 

after CVT 

Odds Ratio  

(95%CI) 

Pregnancy outcome, n.(%)    

       term* 14 (88) 6 (60) 0.21 (0.03-1.50) 

       miscarriage 0 0 - 

       late obstetrical complications*† 2 (13)  4 (40)  4.67 (0.67-32.74) 

       terminations 1 (6) 7 (41) 11.2 (1.19-105.13) 
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influence the obstetrical outcome, because only two women out of 10 with late 

obstetrical complications had FV Leiden and antithrombin deficiency, 

respectively. Hence, the high risk of obstetrical complications seems to be 

correlated with the previous CVT itself, but because of the limited sample size 

this observation remains to be confirmed, and also the mechanisms underlying 

the possible tendency to develop late obstetrical complications after CVT and 

despite LMWH prophylaxis remain to be elucidated. In general, the risk of 

recurrent venous thromboembolis (i.e. deep vein thrombosis of the lower 

limbs or pulmonary embolism) is higher than that of recurrent CVT [3,4,6–

9,18]. In pregnancy, LMWH prophylaxis lowers the risk of recurrent 

thrombosis in women with previous venous thromboembolism, but not that 

of late obstetrical complications [34,35]. Whether or not this is true also for 

pregnant women with previous CVT is not known, because owing to the rarity 

of the disease there is a paucity of studies on the efficacy and safety of heparin 

prophylaxis and few data on obstetrical outcomes are available [17,18]. Indeed, 

women at increased risk of venous thrombosis have also an increased risk of 

obstetrical complications, particularly in the late period where a normal 

placental circulation is needed to sustain fetal growth and the woman’s health 

[34]. A common denominator between the two risks is carriership of 

thrombophilia abnormalities [11,33]. Whether or not women with 

thrombophilia may benefit from prophylaxis with LMWH during pregnancy, 

with the aim of preventing obstetrical complications, is debatable [36]. Our 

study does not support the effectiveness of this approach in women with 

previous CVT, with or without thrombophilia. Moreover, although the 

proportion of terminations was similar between patients and healthy women, 

particularly when those with high parity or previous terminations were 

excluded, we observed a 2.5-fold increased risk of terminations in patients 

with thrombophilia compared with those without. A 1.8-fold increased risk 

remained after exclusion of women with high parity or previous terminations, 

probably reflecting the fear of women having a recurrent pregnancy-related 

thrombosis because of the carriership of thrombophilia abnormalities. To 

support this hypothesis there is also the fact that the two women who 

arbitrarily continued vitamin K antagonist therapy had thrombophilia (double 

heterozygous FV Leiden plus prothrombin G20210A mutation and 

antithrombin deficiency, respectively). Again, a confirmation of this finding is 

desirable, because the point estimates of the risks of termination did not reach 

statistical significance, possibly because of the small sample of women 
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stratified for the presence of thrombophilia. Finally, our data are apparently in 

contrast with a recent observation of an increased risk of miscarriage in 

women with previous CVT [17], but the lack of definition of miscarriage, the 

retrospective design and the absence of a standardized antithrombotic 

prophylaxis make that study and our study not comparable. Among the 

strengths of this study are the careful assessment of patients, the possibility to 

compare the obstetrical outcome with a selected group of healthy women, the 

relatively high number of pregnancies after CVT and the choice of a strict 

methodology. However, there are some limitations. We had no control group 

of patients who did not receive prophylaxis with LMWH during pregnancy. 

Actually, such a randomized controlled trial is not feasible for obvious ethical 

issues. Hence, we can only report the observation of no recurrent thrombosis 

or bleeding or other significant side-effects of heparin. This may seem in 

contrast with a recent review of 13 studies, but the retrospective design, the 

small series of patients and the lack of information on heparin prophylaxis in 

the vast majority of them make the results of such review quite uncertain [18]. 

Concerning the obstetrical outcome, for the design of our study we cannot 

conclude that there is not a favorable effect of heparin in the prevention of 

miscarriage or late obstetrical complications. However, the effect of heparin 

on pregnancy outcome seems to be independent of the presence of 

thrombophilia, always considering the limitation of the small number of 

women when divided into thrombophilia positive and negative. Finally, 

because of the retrospective nature of the information regarding the outcome 

of the last pregnancy in the group of healthy women and the lack of obstetric 

records review, the possibility of a recall bias should be taken into account. 

However, it is unlikely that a woman does not remember the outcome of her 

pregnancies, particularly if adverse. In conclusion, despite antithrombotic 

prophylaxis, women with previous CVT appear at increased risk of developing 

late obstetrical complications. The possibility that the diagnosis of 

thrombophilia abnormalities made after CVT would influence the decision to 

voluntarily terminate a subsequent pregnancy should be taken into account 

when counseling these patients. Pregnant women who receive an intermediate 

dose of LMWH for thromboprophylaxis have a low risk of developing 

recurrent thrombosis, bleeding episodes or other heparin-related side-effects. 
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Abstract 

 

Pregnancy outcome in women with previous cerebral vein thrombosis (CVT) 

on antithrombotic prophylaxis with low-molecular weight heparin (LMWH) is 

largely unknown. Aims of this study were to evaluate the risk of recurrent 

VTE, bleeding and pregnancy outcome in a cohort of pregnant women on 

LMWH after a first episode of CVT. To estimate the efficacy of LMWH in the 

prevention of obstetrical complications we compared pregnancies before 

(without LMWH) with pregnancies after (with LMWH) CVT in 25 women. 

Two recurrent thrombosis (3.2%, 95%CI 0.9-10.9%) and no bleeding episodes 

were observed in 63 pregnant women on LMWH. The risk of miscarriage was 

13.5% (95%CI 6.1-24.8%) and that of late obstetrical complications 19.2% 

(95%CI 10.2-31.6%), independently of previous history of obstetrical 

complications and carriership of thrombophilia abnormalities. A double 

prevalence of terminations was observed in patients with thrombophilia than 

in those without. In conclusion, women with previous CVT on LMWH 

prophylaxis during pregnancy have a low risk of recurrent thrombosis and 

bleeding, but an increased risk of obstetrical complications. 
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Introduction  

Cerebral vein thrombosis (CVT) is a rare manifestation of thrombosis 

with an annual incidence in adults of 2 to 16 cases per million individuals.1-3 

CVT is more common in women of childbearing age, because of the use of 

oral contraceptives (80% of cases)4 and pregnancy/puerperium (5-20% of 

cases).5 Patients with a first episode of CVT receive anticoagulant treatment 

for a period that varies from 3 months to lifelong, depending on the type and 

number of risk factors present at the time of the episode, although in the 

absence of controlled trials the optimal duration of anticoagulant therapy is 

currently based on experts’ opinions.6 The recurrence rate of venous 

thrombosis within the first year after a first episode of CVT is approximately 

4% patient-year (p-y), lower for recurrent CVT (0.5% to 2.2% p-y) than for 

venous thrombosis in most common sites as lower limbs or pulmonary 

circulation (1.1% to 5.0% p-y).7-11 After a first episode of CVT, patients 

receive antithrombotic prophylaxis with low molecular weight heparin 

(LMWH) in high-risk situations, including pregnancy/puerperium, according 

to the recommendations reported in guidelines on extracranial venous 

thrombosis.6  

Women who develop thrombosis may also develop obstetrical 

complications as a result of impaired intrauterine mucosae or placental 

circulation.12 Other than with an increased risk of thrombosis, thrombophilia 

abnormalities are associated with an increased risk of obstetrical 

complications, either miscarriages or late placenta-mediated complications.13,14 

Thrombophilia abnormalities are found in up to 40% of women with CVT.11 

The efficacy of LMWH prophylaxis in preventing obstetrical complications in 

women with thrombophilia abnormalities is uncertain. Although a randomized 

controlled trial failed to show a benefit in the prevention of recurrent 

miscarriages,15 data from a meta-analysis are in favor of LMWH in the 

prevention of recurrent placenta-mediated pregnancy complications.16 Because 

of the rarity of the disease, scarce data are available on the risk of recurrent 

venous thrombosis during pregnancy after CVT, on maternal and fetal 

outcome and on the efficacy of LMWH prophylaxis. A recent review of four 

studies reported a trend towards lower rates of recurrent CVT and extra-

cerebral thrombosis and a significantly low rate of miscarriages in patients on 

LMWH prophylaxis.17 

Aims of this study were to evaluate the risk of pregnancy-related 

recurrent venous thrombosis, the risk of bleeding and the obstetrical outcome 
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in a cohort of pregnant women on antithrombotic prophylaxis with LMWH 

after a first episode of CVT. 

Patients and methods 

 

Study population 

All patients referred to our Center from January 1995 to June 2018 for 

a thrombophilia work-up after a first episode of CVT (objectively documented 

with digital subtraction angiography, CT angiography, magnetic resonance or 

magnetic resonance angiography) were invited to contact the Center in case of 

symptoms of recurrent CVT or thrombosis at other sites, as well as in case of 

high risk situations, i.e., surgery, trauma, need of hormone therapies and 

pregnancies. A letter for the general practitioner and the gynecologist 

containing contact information on the Center and the invitation to refer the 

patient to the Center at the beginning of pregnancy was given to all women in 

childbearing age. Thrombophilia testing included DNA analysis for factor V 

Leiden and for the G20210A mutation of the prothrombin gene; functional 

and antigenic (when required) assays for plasma antithrombin, protein C, 

protein S and factor VIII;  antiphospholipid antibodies (lupus anticoagulant, 

anti-cardiolipin and anti-β2 glycoprotein I IgG and IgM antibodies). Fasting 

and/or post-methionine load hyperomocysteinemia was considered among the 

thrombophilia abnormalities only for the risk of first CVT and not for the risk 

of thrombosis during pregnancy, because it was no longer present after 

vitamin supplementation. Women of childbearing potential who came back to 

the Center after a positive pregnancy test for the prescription of LMWH 

prophylaxis were included in the study. Women were also contacted by 

telephone calls by the physicians of the Center annually. The last follow-up 

visit or call was in November 2018. According to the national guidelines of the 

Italian Society for the Study of Haemostasis and Thrombosis 31, a dose of 

4000 IU of sodium enoxaparin or 3800 IU of calcium nadroparin as daily 

subcutaneous injection was prescribed to pregnant women for the whole 

gestational period and the puerperium (six weeks after delivery). A therapeutic 

dose (bid injections) was prescribed to women who remained pregnant while 

receiving oral anticoagulant therapy. One woman received fondaparinux 2.5 

mg od because of a previous heparin-induced thrombocytopenia.  

The obstetrical history was recorded, including gravidity (number of 

pregnancies), parity (number of deliveries at 24 weeks or more) and pregnancy 
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outcome. The study was approved by the Hospital Institutional Review Board 

and all women gave written informed consent to participate to the study. 

 

Definition of outcomes  

Recurrent CVT or thrombosis at other sites was assessed by 

confirming the event with objective diagnostic methods. Safety of LMWH was 

assessed in terms of major or minor bleeding according to the definition of the 

International Society of Thrombosis and Haemostasis, 19 local (at the site of 

injection) or diffuse skin reactions or development of heparin-induced 

thrombocytopenia. As adverse obstetrical outcomes we considered 

miscarriage, defined as a pregnancy loss occurred before the 20th gestational 

week and late placenta-mediated complications occurred beyond the 20th 

gestational week. Among the latter we considered small-for-gestational-age 

(SGA) newborn (weight < 10th percentile, according to the local referral 

values)20; preeclampsia/eclampsia/HELLP syndrome (preeclampsia defined as 

the concomitant presence of hypertension and significant amount of urine 

proteins;21 eclampsia, by the occurrence of new onset seizures in a 

preeclamptic woman; HELLP syndrome, by the concomitant presence of 

hemolysis, elevated liver enzymes and thrombocytopenia); placental abruption 

(vaginal bleeding with or without uterine tenderness and fetal distress followed 

by emergency delivery after 24 gestational weeks) and stillbirth (fetal loss 

occurred beyond the 20th gestational week). Termination indicates an elective 

voluntary abortion. Full-term birth was defined as a delivery after 37th weeks 

gestation.  

Statistical analysis 

Median and interquartile values were used for continuous variables, 

counts and percentages for demographic and obstetrical variables. Patients 

with CVT were followed from the time of thrombosis to the first occurring 

pregnancy within June 2018 (index pregnancy). The risk of miscarriages, late 

obstetrical complications and terminations at the index pregnancy was 

calculated as risk proportion with the corresponding 95% confidence intervals 

(CI).22 Because of the association of thrombophilia abnormalities with both 

CVT and adverse pregnancy outcome, the main analysis was stratified for the 

presence of at least one marker of thrombophilia that might act as a 

confounder. Finally, to evaluate the effect of CVT on the risk of obstetrical 

complications we compared pregnancy outcomes of women with pregnancies 



94 
 

before (without LMWH prophylaxis) and after CVT (with LMWH 

prophylaxis) in a case-crossover design, in which each case serves as its own 

control. We considered as ‘control window’ the pregnancy preceding CVT, 

and as ‘case window’ the index pregnancy. The risk during the case window 

was compared with the risk during the control window and unadjusted odds 

ratios (OR) with 95% CI were calculated as a surrogate of relative risks. 

Results 

 

Study population 

In the 23-year study period, 271 women aged ≥ 15 years with a first 

objectively confirmed CVT were referred to the Center, of whom 241 of 

childbearing age at the time of CVT. Among them, 70 (29%) women remained 

pregnant after CVT. Two pregnancies included in the study are still ongoing. 

Sixty-three women returned to the Center while the remaining 7 did not and 

we became aware of their pregnancy through telephone calls. These 7 women 

did not receive LMWH during pregnancy and were therefore excluded. Four 

of them had a miscarriage, one a SGA newborn , one a pregnancy at term and 

one a termination; no recurrent CVT nor thrombosis at other sites were 

reported. Table 1 shows the general characteristics of the 63 women who 

received LMWH prophylaxis during pregnancy. The most frequently involved 

sinuses were the lateral and the superior sagittal and in 41% of patients CVT 

occurred in more than one sinus. The most common transient risk factor at 

the time of CVT was oral contraceptive use (74.6%), followed by pregnancy or 

puerperium (15.6%). Only two women had an idiopathic CVT. An inherited or 

acquired thrombophilia abnormality, mainly heterozygous prothrombin 

G20210A mutation, was found in 31 patients (49.2%). 

Risk of recurrent thrombosis and bleeding 

At the conceiving of the index pregnancy 9 women were on vitamin K 

antagonists, 2 were on aspirin and 54 were off-therapy. All women received 

LMWH for the whole gestational period, starting at a median gestational age 

of 7 weeks (IQR 6-9). Two women on LMWH prophylaxis developed 

thrombosis at other sites (both a deep vein thrombosis of the leg, complicated 

by pulmonary embolism in one woman). No recurrent CVT, major or minor 

bleeding nor heparin-induced thrombocytopenia were observed during the 
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index pregnancy. A woman had a transient local skin reaction at the beginning 

of treatment that recovered promptly with topic antihistaminic.   

 

Table 1. General characteristics of women who remained pregnant after CVT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
AT, antithrombin; CVT, cerebral vein thrombosis; PC, protein C; PS, protein S  

* Some patients had more than one transient risk factor or thrombophilia 

abnormality at the time of thrombosis 

  

 Patients 

No. 63 

Age at CVT, y, median (range) 26 (23-31) 

Age at first referral to the Center, y, median (range) 30 (26-34) 

Age at index pregnancy, y, median (range) 32 (28-36) 

Gravidity, n 107 

Parity, n 72 

Body Mass Index, kg/m2, median (range) 21 (20-24) 

Involved sinuses/veins, n (%)  

Superior sagittal sinus 10 (15.9) 

Lateral sinus 20 (31.7) 

Straight sinus 3 (4.8) 

Cavernous sinus 0 

Inferior sagittal sinus 1 (1.6) 

Cortical veins 1 (1.6) 

Jugular veins 0 

More than one sinus involved 26 (41) 

Transient risk factors, n (%)*  

None 2 (3.2) 

Infection 4 (6.3) 

Surgery 4 (6.3) 

Major trauma 1 (1.6) 

Autoimmune disease 1 (1.6) 

Hypertension 1 (1.6) 

Oral contraceptive use 47 (74.6) 

Pregnancy/puerperium 10 (15.9) 

Type of thrombophilia abnormalities, n (%)*  

None 32 (50.8) 

Factor V Leiden 5 (7.8) 

Prothrombin G20210A 13 (20.6) 

AT, PC or PS deficiency 5 (7.8) 

Antiphospholipid antibodies 4 (6.3) 

High factor VIII 5 (7.8) 

Hyperhomocysteinemia 12 (19) 
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Table 2. Obstetrical outcome of the index pregnancy (the first after CVT) on 

LMWH prophylaxis. 

* Percentage calculated excluding terminations 

† Four women had an SGA newborn; four had pre-eclampsia/eclampsia/HELLP; one had a placental abruption; 

and one had a stillbirth 

 

Obstetrical outcome 

Table 2 shows the outcome of the index pregnancy, that was adverse 

in 17 women (27%) for a risk of miscarriage of 13.5% (95%CI 6.1-24.8%) and 

late complications of 19.2% (95%CI 10.2-31.6%). None of the women with 

late obstetrical complications had pre-existing diabetes mellitus, arterial 

hypertension, renal diseases or other comorbidities predisposing to an adverse 

pregnancy outcome. Of the 7 women with miscarriages one was primigravid 

and 6 had at least a previous pregnancy (two of them had a miscarriage, one 

had a late complication and three had full-term pregnancies). Of the 10 

women with late obstetrical complications, 6 were primigravid, 3 had previous 

full-term pregnancies and one had a previous placental abruption. Among the 

33 women (52.4%) who ended the index pregnancy at term, 25 were 

primigravid and 8 had at least one pregnancy before CVT, all at term but one 

termination. Among the 11 women (17.5%) who terminated their index 

pregnancy, 4 were primigravid, 6 had at least one previous pregnancy at term 

and one had a previous termination. Patients with or without thrombophilia 

were similar for the risk of miscarriage but differed for the risk of late 

complications that occurred in 23.3% and 13.6%, and for the rate of 

terminations that were 29% and 6.3%, respectively (Table 2).  

Twenty-five of the 63 women with pregnancy after CVT had had at 

least one pregnancy before CVT. Table 3 compares the outcome of their index 

pregnancies after (median age 32 years, range 28-36) with their last pregnancies 

before (median age 26 years, range 24-32) CVT. The overall risk of miscarriage 

Outcome* 

Patients 

N=63 

With 

thrombophilia  

N=31 

Without 

thrombophilia  

N=32 
N % (95%CI) N (%) N (%) 

At term 33 63.5 (50-76) 16 (72.7) 17 (56.7) 

Ongoing 2 3.8 (0.6-12) - 2 (6.7) 

Miscarriage 7 13.5 (6.1-24.8) 3 (13.6) 4 (13.3) 

Late obstetrical complications† 10 19.2 (10.2-31.6) 3 (13.6) 7 (23.3) 

Terminations 11 17.4 (9.5-28.3) 9 (29) 2 (6.3) 
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or late complications was 4.8 (95%CI 1.2-18.4). Thrombophilia abnormalities 

were found in 15 of these 25 women. The proportion of obstetrical 

complications before CVT (without LMWH) was 21% in women with and 

30% in those without thrombophilia whereas after CVT (with LMWH) 

complications occurred in 25% with and 80% without thrombophilia. The 

odds ratio for terminations was 9 times higher after CVT than before. The 

reason for termination was clearly declared as the unwillingness to have 

children by only two women; the remaining declared that previous CVT was a 

concern for the index pregnancy outcome.  

Table 3. Comparison of obstetrical outcome of the 25 women with 

pregnancies before (without LMWH) and after (with LMWH) CVT. 

Pregnancy outcome* 
First pregnancy 

after CVT 

Last pregnancy 

before CVT 
OR (95%CI) 

at term 8 (44.4) 19 (79) 0.2 (0.1-1.0) 

miscarriage 6 (33.3) 2 (8.3) 5.5 (1.0-31.6) 

late obstetrical complications 4 (22.2) 3 (12.5) 2.0 (0.4-10.3) 

terminations 7 (28) 1 (4) 9.3 (1.1-82.8) 

* Percentage calculated excluding terminations 
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Discussion 

 

In this study of pregnant women on LMWH prophylaxis because of a 

previous episode of CVT, the recurrence rate of thrombosis, the safety profile 

of LMWH and the obstetrical outcome were investigated. Two pregnancy-

related recurrent thrombosis (3.2%) and no bleeding episodes were observed. 

The probability to have a miscarriage or a late obstetrical complication was 

high (13.5% and 19.2%, respectively) and not justified by comorbidities 

(absent in our women) nor by previous adverse obstetrical outcome (women 

with obstetrical complications are more prone to have recurrent 

complications). 23 Indeed, only one woman had a recurrent placental abruption 

and gravidity and parity were similar in women with and without obstetrical 

complications. The case-crossover analysis confirmed a 5-fold increased risk of 

late obstetrical complications or miscarriages in pregnancies after CVT 

compared to those before, apparently not justified by the increased mean age 

of the women (32 versus 27 years) but to CVT itself. Other than CVT, the 

second new variable in the index-pregnancy was LMWH prophylaxis, but its 

association with adverse obstetrical outcome is likely excluded by the high rate 

of complications (5 out of 6) in women who did not receive prophylaxis. 

Hence, the risk of recurrent thrombosis in pregnant women on LMWH was 

low but that of obstetrical complications was not negligible. Another 

important finding of our study was the association between thrombophilia 

abnormalities and late obstetrical complications, that were doubled in carriers 

(23.3%) than in non-carriers (13.6%), supporting the hypothesis of a higher 

placental dysfunction in women with than in those without thrombophilia. 

Additionally, having had a CVT and being carrier of a thrombophilia marker 

greatly influenced the decision to terminate pregnancy and terminations 

accounted for 29% of index pregnancies in women with and 6.3% in those 

without thrombophilia. These figures reflect the fear of women to develop a 

recurrent pregnancy-related thrombosis, in particular if they are predisposed 

because of a coagulation abnormality, despite physicians reassurance. 24  

Our study adds information on management of pregnant women after 

a venous thrombotic episode. It is known that LMWH prophylaxis lowers the 

risk of recurrent thrombosis in women with previous venous 

thromboembolism, but not that of late obstetrical complications.25,26 Whether 

or not this is valid also for women with previous CVT was not known, 

because the rarity of the disease justifies the paucity of data not only on 
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efficacy and safety of LMWH during pregnancy but even more on obstetrical 

outcome.27,28  Our results support, as common denominator between the risk 

of thrombosis and that of obstetrical complications (particularly in the late 

period when a normal placental circulation is needed to sustain fetal growth 

and woman’s health)25, the carriership of thrombophilia abnormalities.29,30  

Whether or not women with thrombophilia may benefit from LMWH 

prophylaxis during pregnancy with the aim to prevent obstetrical 

complications is debated.31 Our data raise the question of whether higher 

doses of LMWH in carriers than in non-carriers of thrombophilia would result 

in a more favourable pregnancy outcome. Finally, our data differ from a recent 

observation of a low risk of late obstetrical complications in women with 

previous CVT 27, but the absence of a standardized antithrombotic prophylaxis 

make that and our study not comparable. 

Among the strengths of this study there are the careful assessment of 

patients, the relatively high number of pregnancies after CVT and the choice 

of a strict methodology. However, some limitations need to be discussed. 

Firstly, since a controlled trial with a control group of pregnant women who 

did not receive LMWH prophylaxis is not ethical, we can only report the 

observation of no recurrent thrombosis nor bleeding or other significant side 

effects of LMWH. Secondly, data on the obstetrical outcome and the role of 

thrombophilia are based on small numbers and an adjusted analysis for 

possible confounders is unfeasible. The design of our study does not allow to 

conclude against a favourable effect of LMWH in the prevention of 

miscarriage or late obstetrical complications, but the proportion of adverse 

outcomes in our cohort was not negligible. Thirdly, due to the retrospective 

nature of the information collected on the outcome of the last pregnancy 

before CVT and the lack of the corresponding obstetric records, the possibility 

of a recall bias should be considered. However, it is unlikely that a woman 

does not remember the outcome of her pregnancies, particularly if adverse. 

In conclusion, antithrombotic prophylaxis with LMWH in pregnant 

women with previous CVT seems to be effective in preventing recurrent 

thrombosis and safe. Women with previous CVT appear at increased risk to 

develop obstetrical complications, particularly in the late period and in the 

presence of thrombophilia abnormalities, despite LMWH prophylaxis. The 

pathophysiological mechanisms underlying this association remain to be 

elucidated to tailor the best preventive measures in women at risk of 

pregnancy complications. 
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Abstract  

Background: inherited quantitative (type I) deficiency of plasma antithrombin 

(AT) is associated with a high risk of venous thromboembolism (VTE), that 

further increases in pregnancy. Inherited thrombophilia increases also the risk 

of obstetrical complications, but data on maternal and fetal outcomes in 

women with AT deficiency are poor. Aim of this study was to evaluate the risk 

of pregnancy-related VTE and obstetrical complications in women with type I 

AT deficiency. 

Methods: in this single-center retrospective cohort study we identified 126 

women diagnosed from Jan 1, 1980 to Jan 1, 2018 with type I AT deficiency 

and included in the analysis 88 women who had at least one pregnancy, 

women with type II AT were excluded. Data on pregnancy-related VTE, 

pregnancy outcomes, and the use of low-molecular-weight heparin (LMWH) 

were collected to evaluate the risk of pregnancy-related VTE and obstetrical 

complications with or without LMWH.  

Findings: eighty women were evaluated for the risk of VTE. We observed 

three VTE out of 43 pregnancies conducted with LMWH and 17 VTE out of 

146 pregnancies without for a risk of VTE of 7.0% (1.8-17.8%) and 11.6% 

(7.2-17.6%), respectively (RR 0.6; 95%CI 0.2-1.9, p=0.57). The risk of first 

VTE without LMWH was 5.4% (0.9-16.7%) in women with negative and 

11.8% (6.4-19.6%) in those with a positive family history of VTE. Eighty-

seven women evaluated for the risk of obstetrical complications had 48 

pregnancies conducted with LMWH and 170 without. Miscarriages occurred 

in 6(13.3%) and 32(19.9%) pregnancies, late complications in 11(24.4%) and 

9(5.6%) (RR 4.4, 95%CI 1.9-9.9, p<0.01), respectively. 

Interpretation: women with type I AT deficiency have a high risk of first or 

recurrent VTE during pregnancy. The risk of VTE is highest in women with 

positive family history of VTE but still relevant in those with negative, 

suggesting that LMWH prophylaxis may also be considered in the latter. 

Funding:none.  
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Research in context 

Evidence before this study 

 

Quantitative antithrombin deficiency is a rare coagulation abnormality 

associated with a high risk of venous thromboembolism, which further 

increases at certain stages of life, including during pregnancy. Low molecular 

weight heparin (LMWH) is the anticoagulant of choice for the prevention and 

treatment of pregnancy-associated venous thromboembolism and is also 

considered (with less robust evidence) to be effective in preventing obstetrical 

complications. We searched PubMed on May 3, 2019, for existing guidelines 

published by various scientific societies and screened their relative references. 

Additionally, we 

searched PubMed on Aug 20, 2019, for relevant scientific literature using the 

search terms “anthithrombin deficiency” OR ”antithrombin” OR 

“thrombophilia” OR “inherited thrombophilia” AND “pregnancy” OR 

“puerperium” OR “postpartum” AND “antithrombotic treatment” OR 

“prophylaxis” OR “antithrombotic treatment” in all fields without restricting 

the search by date. The searches were restricted to publications in the English 

language. Because of the rarity of antithrombin deficiency, robust 

observational studies and randomised trials are scarce, and guidance on the 

management of antithrombin deficiency in pregnant women is limited. On the 

basis of this gap in knowledge, current guidelines of the American College of 

Obstetricians, the Society of Obstetricians and Gynecologists, and the 

American College of Chest Physicians offer recommendations based on low-

grade evidence, which are sometimes controversial. The most recent guidelines 

of the American Society of Hematology (2018) suggest (with a very low 

certainty of evidence) primary LMWH prophylaxis in pregnant women with 

antithrombin deficiency only if they have a positive family history 

of venous thromboembolism.  

 

Added value of this study 

 

To our knowledge, this is the largest cohort of pregnant women with 

antithrombin deficiency that has been reported to date, and adds information 

to the already available evidence on pregnancy-associated risk of venous 

thromboembolism. Our data suggest that women with antithrombin deficiency 

have a high risk of venous thromboembolism during pregnancy and 
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puerperium, which is highest in those with a positive family history of the 

condition but, in contrast to the information reported in some guidelines, is 

still relevant in those with a negative family history. Additionally, we observed 

for the first time that antithrombin-deficient women have an increased risk of 

late placenta-mediated obstetrical complications, despite the use of LMWH 

prophylaxis.  

 

Implications of all the available evidence 

 

LMWH nearly halved the risk of pregnancy-associated venous 

thromboembolism in women with antithrombin deficiency, but a third of 

those receiving therapeutic doses had a recurrence. Alternative approaches, 

such as higher LMWH doses, monitoring anti-factor Xa activity, or the use of 

antithrombin concentrates should be considered in future studies. Our results 

support routine primary LMWH prophylaxis for prevention of pregnancy-

associated venous thromboembolism, not only in women with a positive 

family history of venous thromboembolism, but also in those with a negative 

family history of the condition. If the increased risk of late obstetrical 

complications in women receiving LMWH is confirmed, it should be taken 

into account when prescribing antithrombotic prophylaxis in women with an 

antithrombin deficiency. Future studies are warranted to elucidate the 

pathogenesis of late obstetrical complications to identify women who could 

benefit from LMWH without harm.  
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Introduction 

 

Antithrombin (AT) is a natural anticoagulant protein, being a serine 

protease inhibitor that inactivates thrombin, the activated forms of factors VII, 

X, IX, XI and XII. Its enzymatic activity is enhanced by heparin.1 AT 

deficiency is a rare but severe cause of inherited thrombophilia, with a 

prevalence in the general population ranging from 1:500 to 1:5000. 

Quantitative (type I) deficiency is characterized by low functional and 

antigenic plasma levels of AT and is associated with a 20-fold increased risk of 

venous thromboembolism (VTE).2 The qualitative (type II) deficiency, 

characterized by low functional and normal antigenic AT levels, is rarer than 

type I and its heterozygous form, is usually associated with a smaller risk of 

VTE.3,4 During pregnancy, procoagulant changes in the hemostatic balance are 

likely to further increase the risk of VTE in women with inherited 

thrombophilia. Family studies of women with AT deficiency showed an 

overall absolute risk of pregnancy-related VTE of 16.6% (95% CI 0.0-45.1%), 

varying between 7.3% (95% CI 1.8-15.6%) antepartum and 11.1% (95% CI 

3.7-21.0%) post-partum.5 Women with thrombophilia may also have an 

increased risk of obstetrical complications (OC) owing to the impairment of 

the placental circulation.6-9  

Low molecular weight heparin (LMWH) is the anticoagulant of choice 

in pregnancy for the prevention and treatment of VTE and is also thought, 

with less robust evidence, to be useful in preventing  obstetrical 

complications.10,11 Although several studies have assessed the risk of 

pregnancy-related VTE and the OC in women with the most common 

thrombophilia abnormalities, i.e., the G1691A substitution in the factor V 

gene (factor V Leiden) and the G20210A substitution in the prothrombin 

gene,12 data on women with such a severe thrombophilia as inherited AT 

deficiency are scanty. Different guidelines offer controversial 

recommendations for the management with a low grade of evidence.11,13-15 For 

instance, the guidelines of the American Society of Hematology suggest 

primary antepartum LMWH prophylaxis, but only when a positive family 

history of VTE is present.16 Moreover, the optimal dosing of LMWH 

prophylaxis in pregnancy is not established and this is particularly relevant for 

AT deficient women, being AT  the heparin’s cofactor for the inhibition of 

activated coagulation factors X and II.  
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With this background and gaps of knowledge, aims of this study were 

to evaluate the risk of pregnancy-related VTE, obstetrical outcomes and the 

efficacy of LMWH in a large cohort of women diagnosed with inherited type I 

AT deficiency. 

 

Methods 

 

Study design and participants 

 

This is a single-center, retrospective cohort study that included women 

with the following inclusion criteria: referred to our Center from Jan 1, 1980 to 

Jan 1, 2018 for a thrombophilia work-up, diagnosed with type I AT deficiency 

and who had remained pregnant at least once in their life. First and second 

degree relatives of patients diagnosed with AT deficiency were invited to the 

Center for AT testing and women with type I AT deficiency who met the 

inclusion criteria were also included. Women with type II AT deficiency were 

excluded to reduce the heterogeneity of the cohort and also because we do not 

perform molecular characterization routinely. At the time of the first referral, 

data on previous thrombotic events, family history of VTE, obstetrical history, 

and therapies during pregnancy and puerperium (defined as the 6 weeks after 

delivery) were collected from medical records. All women were invited to 

contact us for symptoms suggestive of thrombosis at any site and women of 

childbearing age were also invited to come back at the beginning of a new 

pregnancy to be prescribed LMWH since the first gestational weeks. A letter 

for the general practitioner and the gynecologist containing contact 

information of the Center and the invitation to refer the patient to the Center 

at the beginning of a future pregnancy, was given to all women of childbearing 

age. In addition, women who were not regularly visited at the Centre were 

contacted by yearly telephone calls. Finally, all the women included in this 

study were invited to the Center between July and October 2018 if their last 

visit or contact was before January 2018 in order to update their clinical 

records. Pregnancies that had occurred before the diagnosis of AT deficiency 

were conducted without antithrombotic prophylaxis, whereas those occurring 

after this diagnosis were conducted with LMWH started at the time of the first 

obstetric ultrasound at 7-10 gestational weeks. Women without a personal 

history of VTE (asymptomatic) or those with previous VTE (symptomatic) 

who had discontinued anticoagulant therapy before pregnancy onset received 
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intermediate prophylactic doses of LMWH (40 mg od or 60 mg od if body 

weight over 60 kg). Women on oral anticoagulant therapy or those 

asymptomatic but considered at particularly high thrombotic risk (e.g. with 

other thrombophilia abnormalities beside AT deficiency) received therapeutic 

doses of LMWH (body weight-adjusted dose bid). All women had the 

indication to continue LMWH prophylaxis in the puerperium and, if on 

anticoagulant therapy, to resume it soon after delivery at obstetrician 

discretion. There is limited guidance on the use of AT concentrates in 

pregnancy,17at delivery and in puerperium. There is also great uncertainty on 

which women may benefit from AT concentrate and even more, on when to 

administer the concentrate. For these reasons, and also considering the 

uncertainty of the cost-benefit ratio, we do not routinely give AT concentrate, 

as stated in a consensus paper of experts of the Italian Society for Haemostasis 

and Thrombosis.18  

The study was approved by the Ethics Committee of our Hospital (Milano 

Area 2) and the written informed consent was obtained by study participants. 

 

Procedures 

 

Blood samples for thrombophilia testing were collected and tested 

according to laboratory methods listed in the appendix (p.1) 

We considered among VTE proximal deep vein thrombosis (DVT) of the 

limbs, pulmonary embolism (PE) and thrombosis of the cerebral, splanchnic 

and superficial veins (SVT) of the lower limbs (any extension). Only 

objectively diagnosed VTE events occurred during pregnancy or puerperium 

were recorded (e.g. compression ultrasound or venography for DVT or SVT, 

lung V/Q scan or CT angiography for PE, CT angiography or MRI for 

cerebral or abdominal vein thrombosis). A positive family history of VTE was 

defined when at least one first- or second-degree relative had had VTE. 

Pregnancy outcomes included full term pregnancies, miscarriages, late OC 

(preterm delivery, small for gestational age (SGA) newborns, 

preeclampsia/eclampsia/HELLP syndrome, placental abruption, stillbirth), 

and terminations (voluntary abortions) according to their definitions (appendix 

p.2).  

Women were encouraged to come to our Hospital at the time of delivery, but 

they were free to choose obstetrician and hospital. We provided a letter with 
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suggestions on antepartum, peripartum and postpartum management and also 

offer a 24/24 h x 365 on call assistance.  

 

Statistical analysis 

 

Median and inter-quartile ranges described continuous variables. 

Counts and percentages were used for demographic and discrete variables. 

Each pregnancy was considered a separate episode, as the same woman may 

have had more than one pregnancy with or without VTE. The risk of VTE 

during pregnancy or puerperium and pregnancy outcomes was expressed as 

risk proportions with 95% confidence intervals (CI). To evaluate the effect of 

LMWH in puerperium, the risk of VTE was calculated excluding women who 

had pregnancy-related VTE and those who resumed oral anticoagulant therapy 

after delivery. Comparisons between pregnancies with or without LMWH and 

between pregnancies in symptomatic or asymptomatic women were 

performed, both for VTE and OC, calculating relative risks (RR) with their 

95% CI. Pregnancies initiated without LMWH, then complicated by VTE and 

treated with LMWH were included in the analysis of both pregnancies with 

and without LMWH. Women referred for thrombosis during pregnancy were 

excluded from the analysis of the risk of pregnancy-related VTE and women 

referred for OC from the analysis of the risk of OC. Stratification analysis 

considered the personal history of VTE and the use of LMWH during 

pregnancy. Sensitivity analysis on probands only (to avoid possible distortions 

from a mixed cohort), women with AT levels below 60IU/Dl17, and women 

without additional thrombophilia abnormalities were performed. An additional 

sensitivity analysis of the risk of OC was done in pregnancies that had 

occurred after the year 2000 (when the association between thrombophilia and 

OC started to be addressed). A mixed-effects logistic regression was 

performed on probands only to take into account the within-patient 

correlation in the frame of observations within cluster (repeated measures). 

We applied a model considering treatment as fixed effect and controlling for 

woman and pregnancies in the same woman variability. The results are 

reported in term of odds ratio (OR) and 95% CI. We used Fisher’s exact test 

to compare groups on binary variables. 

All analyses were performed with SPSS (release 25.0, IBM SPSS Statistics for 

Windows, IBM Corp., Armonk, NY, USA) and R (lmer in the lme4 package, 

version 3.6.1, R Foundation for Statistical Computing, Wien, Austria). 
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Role of the funding source 

This study has no source of funding. The corresponding author had full access 

to all of the data and the final responsibility to submit for publication. 

 

Results 

 

One hundred and twenty-six women referred for a thrombophilia 

work-up had type I AT deficiency. Thirty-five of them were never pregnant 

and three were lost to follow-up. Eight women were referred to the Center for 

VTE occurring during pregnancy or puerperium and one for OC. Thus, 80 

women were included in the analysis of the risk of pregnancy-related VTE and 

87 in that of the risk of OC (Figure 1). General characteristics of the study 

population are in Table 1. No woman had comorbidities predisposing to 

obstetrical complications. The 88 women included in the study belonged to 70 

different families. Fifty-seven were probands, of which 45 without and 12 with 

16 relatives included in the study. In addition, 15 female relatives of 13 male 

probands were included. Eighty women had 189 pregnancies, 43 conducted 

with LMWH (32 prophylactic and 11 full therapeutic doses) and 146 without. 

 

Figure 1: Trial profile 
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Table 1. Baseline characteristics 

 

Overall, 20 new VTE 

events occurred during 

pregnancy (n=12) or 

puerperium (n=8), for a risk 

proportion of 10.6% (95%CI 

6.8-15.6%). During pregnancy 

five VTE occurred in the first 

trimester (four DVT and one 

SVT), four in the second (three 

DVT and one SVT) and three in 

the third trimester (all SVT). 

During puerperium six DVT, 

one cerebral and one SVT, were 

observed. Two events (cerebral 

and SVT) happened on the 

second day after delivery and 

the remaining ones after the 

tenth. Two women with DVT 

delivered by cesarean section. 

Considering only DVT, the 

VTE risk proportion was 4.1% 

(95%CI 0.9-8.7%) in 

pregnancies without (six out of 

146) and 2.3% (95%CI 0.4-

12.1%) in pregnancies with 

LMWH (one out of 43); 4.3% 

(95%CI 1.8-8.7%) in puerperia without (six out of 140) and 3.1% (95%CI 0.6-

15.7) in puerperia with LMWH (one out of 32). Two DVT of the lower limbs 

occurred with LMWH (one in pregnancy and one in puerperium), 11 DVT 

plus one cerebral vein thrombosis occurred without LMWH (six in pregnancy 

and five DVT plus one cerebral in puerperium) for a RR of 0.6 (95%CI 0.1-

2.4, p=0.74) (Table 2). Including also the SVT, three events (7.0%) occurred in 

pregnancies conducted with LMWH and 17 (11.6%) in those without, for a 

similar RR of 0.6 (95%CI 0.2-1.9; p=0.57) (Table 2). Those three events had 

occurred during treatment with therapeutic doses of LMWH and were 
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recurrences. No VTE was observed in pregnancies conducted with 

prophylactic doses of LMWH. 

Overall, the incidence of pregnancy-related VTE was higher in 

symptomatic (seven out of 32, 21.9%) than in asymptomatic women (13 out of 

157, 8.3%) with a RR of 2.6 (95%CI, 1.1-6.1; p=0.05). Among the former, 

there were three VTE (two DVT and one SVT) in 16 pregnancies conducted 

with LMWH (18.8%) and four (one DVT and three SVT) in 16 pregnancies 

without (25%). Among asymptomatic women there were no VTE events in 27 

pregnancies conducted with LMWH and 13 events (ten DVT, two SVT and 

one cerebral vein thrombosis) in 130 pregnancies conducted without (10%). 

Considering pregnancies without LMWH, the risk of VTE was higher in 

symptomatic than asymptomatic women (RR 2.5, 95%CI 0.9-6.7; p=0.09). 

Family history of VTE in asymptomatic women was positive in 48 and 

negative in 20. In women with a positive family history, no VTE was observed 

in 16 pregnancies with LMWH and 11 events (eight DVT, one cerebral vein 

and two SVT) in 93 pregnancies without (11.8%). In women with a negative 

family history, no VTE was observed in 11 pregnancies with LMWH and two 

DVT in 37 pregnancies without (5.4%). Neither arterial thrombosis nor 

bleeding was observed in all 189 pregnancies. Considering only asymptomatic 

probands 24 had a positive family history and 14 a negative one. Among the 

former, no event was observed in five pregnancies with LMWH and four 

DVT plus one cerebral vein thrombosis in 36 pregnancies without LMWH 

(13.9%). Among the latter, no VTE was observed in 11 pregnancies with 

LMWH and one DVT in 21 pregnancies without LMWH (4.8%). 

Pregnancy outcome was evaluated in 87 women with 218 pregnancies 

(all spontaneous conceptions), the prevalence of outcomes being calculated on 

the total number of pregnancies excluding terminations. A mean of 0.29 OC 

per woman (0.14 for late OC) was observed. Overall, there were 58 (28.2%) 

OC (18.4% miscarriages and 9.7% late OC) and 148 (71.8 %) full term out of 

206 pregnancies. Seventeen complications (29.4%) occurred in 45 pregnancies 

conducted with LMWH (35 prophylactic and 13 therapeutic doses) and 41 

(25.5%) in 161 conducted without. Full term pregnancies and terminations had 

similar risk proportions in the two groups, but miscarriages were slightly less 

frequent and late OC more frequent in pregnancies with LMWH than in those 

without (RR 4.4, 95%CI 1.9-9.9; p<0.01) (Table 3). These differences were 

observed only in asymptomatic women but disappeared in those symptomatic 

(Table 4). Terminations were more frequent in women with previous VTE 
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than in those without (nine on 45 vs two on 157; RR 17.3, 95%CI 3.9-77.3; 

p<0.01). The two women with low-titre lupus anticoagulant were maintained 

in the analyses and both had two full term pregnancies (only one with 

LMWH). A family history of VTE did not influence the obstetrical outcome. 

Same data were obtained from the main analysis performed on the 79 women 

included (appendix p.3). 

Considering only probands, two events (one DVT and one SVT) occurred in 

31 pregnancy with LMWH and 10 events (seven DVT and three SVT) in 67 

pregnancies without. The RR of pregnancy related DVT was 0.4 (95%CI 0.1-

1.9; p=0.32). Late OC occurred in nine out of 36 pregnancies with LMWH 

and in eight out of 91 without, for a RR of 2.8 (95%CI 1.2-6.8; p=0.02). The 

mixed-effects logistic regression showed an OR for DVT of 0.3 (95% CI 0.0-

2.4, p=0.25) and for late OC of 5.9 (95%CI 0.9-39.2, p=0.06) associated with 

LMWH use. 

Considering only women at particularly high risk because of AT levels below 

60IU/dL, three events (two DVT and one SVT) occurred in 27 pregnancies 

with LMWH and 11 (eight DVT and three SVT) in 68 pregnancies without, 

for a RR of DVT of 0.7 (95%CI 0.2-2.3; p=0.75). Eight pregnancies of 35 

with LMWH and six of 86 without LMWH were complicated, for a RR of 3.2 

(95%CI 1.2-8.6; p=0.02).  

Considering only women with AT deficiency and no additional thrombophilia 

abnormalities, 68 women were analyzed for the risk of VTE and 75 for that of 

OC. Two DVT occurred in 40 pregnancies with LMWH and eight (eight DVT 

plus one SVT) in 119 without, for a RR of DVT of 0.7 (95%CI 0.2-3.4; 

p=1.0). Late OC occurred in 11 pregnancies of 45 with LMWH and in seven 

of 143 without, for a RR of 4.9 (95%CI 2.0-11.9; p<0.01). 

Considering only pregnancies after the year 2000, the risk of late OC was 2.9 

(95%CI 0.7-11.0; p=0.14) with three complications in 23 pregnancies with 

LMWH and five in 108 without. 

 

 

 

 

 

 



115 
 

Tabel 2. Risk of thrombosis during pregnancy and puerperium with ir without 

LMWH 

  Pregnancies in women treated 

with LMWH (n=43) 

Pregnancies in women who did not 

receive LMWH (n= 146) 

RR (95%CI) p value 

N Risk proportion  (95%CI) N Risk proportion (95%CI) 

Deep vein thrombosis  2 4.7% (1.3-15.5) 12 8.2% (4.8-13.8) 0.6 (0.1-2.4) 0.74 

Deep and superficial vein 

thrombosis  
3* 7.0% (1.8-17.8) 17† 11.6% (7.2-17.6) 0.6 (0.2-1.9) 0.57 

LMWH, low molecular weight heparin; RR, relative risk; CI, confidence interval * All were recurrences that occurred with therapeutic doses of LMWH: one deep vein 
thrombosis in the puerperium (after a previous deep vein thrombosis in the first trimester of the same pregnancy); one deep vein thrombosis in the first trimester 
(after a previous deep vein thrombosis during oral contraceptive use and a previous spontaneous cerebral vein thrombosis); one superficial vein thrombosis in the 
second trimester (after a previous pregnancy-related deep vein thrombosis). † Four events were recurrences: three in the same woman (two superficial and one deep 
vein thrombosis in three different pregnancies) and one deep vein thrombosis after two previous spontaneous deep vein thrombosis in another woman. The 
remaining were all first events: three deep vein thrombosis in the first trimester, one deep vein thrombosis in the second trimester, two superficial vein in the third 
trimester and five deep vein thrombosis, one cerebral and one superficial vein thrombosis in the puerperium. 

 

Table 3. Pregnancy outcomes with or without LMWH 

 

Pregnancies in women treated  

with LMWH (n= 48) 

Pregnancies in women who did 

not receive LMWH (n= 170) 

RR (95%CI) p value 

N Risk proportion (95%CI) N Risk proportion (95%CI) 

Full term 28 62.2% (47.5-75.4) 120  74.5% (67.4-80.8) 0.8 (0.7-1.1) 0.13 

Miscarriage 6 13.3% (5.6-25.7) 32 19.9% (14.3-26.6) 0.7 (0.3-1.5) 0.39 

Late obstetrical complications 11 24.4 % (13.6-38.5) 9  5.6% (2.8-10.0) 4.4 (1.9-9.9) 0.0006 

Terminations  3 6.3% (1.6-16.1) 9 5.3% (2.6-9.5) 1.2 (0.3-4.2) 0.73 

LMWH, low molecular weight heparin; RR, relative risk; CI, confidence interval 

 

Table 4. Pregnancy outcomes in women receiving or not receiving 

antithrombotic prophylaxis stratified by personal history of venous thrombosis 

 

Pregnancies in women with previous venous 

thromboembolism (n=45) 

Pregnancies in women without previous venous 

thromboembolism (n=173) 

Treated with 

LMWH (n= 21) 

Did not receive 

LMWH (n= 24) 
RR (95%CI) p value 

Treated with 

LMWH (n= 27) 

Did not receive 

LMWH (n=146) 
RR (95%CI) p value 

Full term 11 (61.1%) 13 (72.2%) 0.8 (0.5-1.3) 0.72 17 (63%) 107 (74.8%) 0.8 (0.6-1.1) 0.24 

Miscarriage 4 (22.2%) 3 (16.7%) 1.3 (0.3-5.1) 1.0 2 (7.4%) 29 (20.3%) 0.4 (0.1-1.4) 0.17 

Late 

obstetrical 

complications 

3 (16.7%)* 2 (11.1%)† 1.5 (0.3-7.9) 1.0 8 (29.6%)‡ 7 (4.9%)§ 6.1 (2.4-15.3) 0.0004 

Terminations  3 (14.3%) 6 (25%) 0.6 (0.2-2.0) 0.47 0 3 (2.1%) - - 

LMWH, low molecular weight heparin; RR, relative risk; CI, confidence interval * One stillbirth, one SGA newborn and one preeclampsia † 
One stillbirth and one preterm delivery ‡ Two SGA newborns (one with preterm delivery), four preterm deliveries (two with premature 
rupture of membrane) and two placental abruption  § Three stillbirth (two with preeclampsia), two preeclampsia (with preterm deliveries) 
and two SGA newborns (one with preterm delivery) 
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Discussion 

 

To our knowledge, this is the largest cohort study conducted in 

women with type I AT deficiency with the aim to investigate the risk of 

pregnancy- or puerperium-related VTE and the risk of OC. Pregnancies 

conducted on LMWH at prophylactic or therapeutic doses (after the diagnosis 

of AT deficiency) were compared to those conducted without LMWH (before 

the diagnosis of AT deficiency). We observed a moderate risk reduction (40%) 

of VTE with LMWH. The three events observed in pregnancies with LMWH 

were recurrences of previous VTE that had occurred during a previous 

pregnancy in two women and during the intake of an oral contraceptive in 

another, thus confirming the increased risk of recurrent VTE during 

pregnancy after a previous hormone-related event.19-21 Moreover, there was a 

10% risk of VTE in pregnancies of asymptomatic women without LMWH 

prophylaxis. Among them, the risk of VTE was doubled in women with 

positive family history of VTE, but was still relevant in those with negative 

history (5.4%), as shown in unselected women with severe thrombophilia.22 

Furthermore, pregnancies conducted with LMWH had a 4.4-fold increased 

risk of late placenta-mediated OC than those conducted without, a risk that 

increased up to 6-fold in asymptomatic women. Finally, the prevalence of 

terminations was 10-times higher in women with previous VTE than in those 

without, notwithstanding that our women were informed on the potential 

benefits and safety of LMWH treatment during pregnancy. Sensitivity analyses 

and the mixed-effects logistic regression performed to control for possible 

confounders and distortion showed similar risk estimates of the main analysis. 

Due to the rarity of AT deficiency, controlled trials on the use of LMWH in 

pregnancy are lacking and data on antithrombotic prophylaxis in asymptomatic 

women are limited to a few retrospective cohort or case-control studies. A 

recent review of those studies reported a 11.6% incidence of VTE without 

LMWH prophylaxis (similar to our estimate) pooling together three cohort 

studies, and a 6-fold increased risk of first VTE pooling together four case-

control studies.23 A family study including a small sample of women with AT 

deficiency who did not receive LMWH during pregnancy showed a 14.8% 

incidence of VTE in asymptomatic women and a 60% incidence of 

recurrence.24 These frequencies in our study were lower (10% and 25%, 

respectively), but still high. The difference can be attributed to the clustering 

effect of the family study and to our three-times larger sample size. Women 
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with a previous VTE and those with thrombophilia also have an increased risk 

of obstetrical complications, in particular late fetal loss, but data on AT 

deficient women are scanty.8,9,21,25,26 A high risk of pregnancy loss was reported 

in homozygous carriers of type II AT deficiency (mutation p.Leu131Phe) who, 

despite  antithrombotic prophylaxis, ended only one third of  their pregnancies 

with a live infant.27 In our study, the incidence of late obstetrical complications 

and miscarriage in asymptomatic women without LMWH was similar to that 

of the general population.28 However, LMWH appears associated with a 

reduced risk of miscarriage but with an increased risk of late complications. 

These figures did not change after controlling the analysis for women and 

pregnancies variability. These findings are difficult to explain and should be 

interpreted with caution because of the relatively small number of patients. 

Heparin influences all stages of implantation through several mechanisms that 

are not fully understood. For example, it prevents hypoxic-induced apoptosis 

modulating the expression of the heparin binding epidermal-growth factor, 

that has a fundamental role in the early stages of placentation. Perhaps AT 

deficient women, having less AT-heparin complexes, have more circulating 

heparin available to induce the expression of the growth factor, with the result 

of preventing miscarriage.29 This theoretical benefit is lost after the first 

trimester, when the prevention of apoptosis is no longer important. The 

efficacy of LMWH prophylaxis in preventing pregnancy-related VTE but not 

OC suggests that the two diseases have different pathological mechanisms, 

particularly in AT deficient women, and more studies are warranted to 

elucidate their molecular pathways. Alternative approaches, such as adjusted 

LMWH doses or the use of AT concentrates should be considered in the 

frame of future studies.17,30 

Beside the large sample size, strengths of our study are the homogenous 

prophylactic regimen, as LMWH was started at predetermined doses since the 

first gestational weeks, and the collection of objective documentation of VTE. 

However, some limitations need to be discussed. Firstly, the lack of a control 

arm (women without thrombophilia) does not allow to calculate the absolute 

risk difference of VTE and obstetrical complications. Secondly, data 

concerning pregnancies that had occurred before the diagnosis of AT 

deficiency, and particularly when the association between thrombophilia and 

OC was not yet established, may have been collected less consistently. This 

may have led to an underestimation of the risk of OC in pregnancies 

conducted without LMWH prophylaxis, but the sensitivity analysis performed 
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on pregnancies that had occurred after the year 2000 (when thrombophilia 

screening was largely implemented) showed results similar to those of the 

whole cohort. Thirdly, because the VTE events observed in pregnancies 

conducted with LMWH were all recurrences, the poor preventive efficacy of 

LMWH may particularly apply to the therapeutic doses.  

In conclusion, women with type I AT deficiency have not only a high 

risk of VTE during pregnancy and puerperium, but also a high risk of late 

placenta-mediated OC. Intermediate doses of LMWH prophylaxis reduced the 

risk of VTE by 40%, but the full therapeutic doses used in women with 

previous VTE were not sufficient to prevent recurrences. Our results support 

routine LMWH prophylaxis for prevention of VTE in pregnant women with 

AT deficiency also when their family history of VTE is negative, at variance 

with other recommendations.16 
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Summary 

Background: Pregnancy and inherited thrombophilia increase the risk of 

venous thromboembolism (VTE) and thrombophilia also that of obstetrical 

complications. Data on the use of low-molecular-weight heparin (LMWH) for 

the prevention of such conditions are poor. 

Objective: To evaluate the risk of pregnancy-related recurrent VTE and 

obstetrical complications in women with or without LMWH prophylaxis. 

Patients and Methods: This retrospective cohort study includes fertile women 

referred to the Thrombosis Center from Jan 2000 to Sep 2018 for a 

thrombophilia work-up, after having had at least one previous VTE and one 

pregnancy thereafter. Data on pregnancy-related recurrent VTE, pregnancy 

outcomes and the use of LMWH were collected. 

Results: Among 208 women, no thrombosis or major bleeding was recorded in 

138 pregnancies treated with LMWH, whereas 10 VTE (14%) were recorded 

in 70 non-treated. Nine women (90%) with recurrent VTE had had a previous 

hormone-related event. The incidence of miscarriage was lower in pregnancies 

treated with LMWH than in those without (11% vs 26%, relative risk 0.4, 

95%CI:0.2-0.8), whereas late obstetrical complications and terminations were 

similar in the two groups. The prevalence of terminations was doubled in 

women with thrombophilia (12%) than in those without (6%). 

Conclusions: LMWH prophylaxis during pregnancy appears to be effective 

and safe for the prevention of recurrent VTE and miscarriage, but not late 

obstetrical complications. Women with thrombophilia decided for 

terminations twice more than those without. 
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Introduction 

 

Venous thromboembolism (VTE) is an important cause of maternal morbidity 

and mortality.[1,2] The estimated incidence of maternal VTE is 1 case every 

1000 pregnancies per year.[3–5] During pregnancy, physiological changes in 

the hemostatic balance occur, such as the increase of some procoagulant 

factors, decrease of the natural anticoagulant proteins and hypofibrinolysis. An 

additional important mechanistic role is played by stasis caused by pressure of 

the uterus on the inferior vena cava and iliac veins. Tissue damage at the time 

of delivery also contributes to increase the risk of postpartum VTE. This risk 

is likely to be further increased by inherited thrombophilia.[6] Furthermore, 

after a first episode of VTE, the risk of recurrence during pregnancy changes 

according to the presence or absence of other risk factors and is influenced by 

those risk factors that triggered the first VTE episode.[7] In particular, women 

who experienced a first VTE associated with a transient non hormone-related 

risk factor seem at lower risk of recurrence than those who had a first 

hormone-related VTE, i.e. during pregnancy or oral contraceptive use. [8,9] 

The use of low-molecular-weight heparin (LMWH) prophylaxis during 

pregnancy should be considered after a careful evaluation of the woman’s risk 

profile, as suggested by several guidelines. [10–13] However, data on the use of 

LMWH during pregnancy for the prevention of recurrent VTE and obstetrical 

complications, particularly during the first pregnancy after VTE are still to be 

confirmed. [14,15]  

Women with thrombophilia abnormalities also have an increased risk of 

miscarriage and late obstetrical complications owing to the impairment of the 

circulation in the uterine mucosa and placenta. [16–21] LMWH is the 

anticoagulant of choice for the prevention and treatment of VTE during 

pregnancy and it is also thought to be useful to prevent obstetrical 

complications. [12,22–24] There is evidence on the efficacy of LMWH in the 

prevention of VTE and recurrent miscarriages in women with the acquired 

thrombophilia due to antiphospholipid antibodies, [25,26] but there are less 

robust data on the use of LMWH for the prevention of obstetrical 

complications in women with inherited thrombophilia. With this background 

and gaps of knowledge our retrospective cohort study is aimed to evaluate the 

risk of pregnancy-related recurrent VTE and obstetrical complications and the 

efficacy of LMWH for their prevention in women with or without 

thrombophilia. 
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Methods  

 

Design and study population  

 

This is a retrospective single-centre cohort study on women referred to our 

Centre from Jan 1st, 2000 to Sep 30th, 2018 for a thrombophilia work-up after 

a previous episode of VTE. Young women who were between 15 and 40 years 

old at the time of first VTE and between 18 and 40 years old at the time of 

referral and with at least one pregnancy occurred after the first VTE within 

September 2018 were selected. Exclusion criteria were a first index event 

during pediatric or non-childbearing age, a VTE event other than deep vein 

thrombosis (DVT) of the lower limbs or pulmonary embolism (PE), infertility 

and the antiphospholipid syndrome.  

Our common clinical practice at the time of the first referral visit is to collect 

data on previous thrombotic events, previous pregnancies and antithrombotic 

treatment or prophylaxis. All women were invited to contact the Center in 

case of symptoms of thrombosis at any site, as well as in high-risk situations 

such as pregnancy.  Women of childbearing age were invited to come back at 

the beginning of pregnancy for the prescription of LMWH prophylaxis. In 

addition, women who were not seen by us in the past year were contacted by 

phone to update their clinical records for the purpose of this study up to Sep 

2019. 

Women with moderate to high risk of recurrence, i.e., those with a prior 

unprovoked VTE who had discontinued anticoagulant therapy before the 

onset of the new pregnancy, were prescribed prophylactic intermediate doses 

of enoxaparin (40 mg daily or 60 mg daily if body weight > 60 Kg) during 

pregnancy and puerperium (defined as 6 weeks after delivery), whereas women 

still on oral anticoagulant therapy or those considered at particularly high 

thrombotic risk (e.g. previous VTE with severe thrombophilia abnormalities) 

switched to therapeutic doses of LMWH (twice daily body weight adjusted 

dose) during pregnancy and resumed oral anticoagulation after delivery. 

Women at low risk of recurrence (e.g. those with a single episode of VTE 

associated with a transient risk factor non-hormone related) were prescribed 

with prophylactic doses of LMWH only during puerperium. The study was 

approved by Ethics Committee of Milano Area 2 and informed consent was 

obtained from study participants. 
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Thrombophilia testing 

 

Blood samples for thrombophilia testing were taken at least 3 months after the 

index VTE. Thrombophilia work-up included DNA analysis of the gain-of-

function mutations, the G1691A substitution in the coagulation factor V gene 

(factor V Leiden)[27] and the G20210A substitution in the 30-untranslated 

region of the prothrombin gene; [28] functional and immunoassays (when 

required) for plasma antithrombin, protein C and protein S; [29] functional 

assay for factor VIII; antiphospholipid antibodies (lupus anticoagulant, 

anticardiolipin and anti-β2 glycoprotein I IgG and IgM antibodies); [30] fasting 

and post-methionine load homocysteine.[31] Patients still taking vitamin K 

antagonists at the time of their first visit provided a second blood sample after 

discontinuation of oral anticoagulant therapy for confirmation of protein C or 

protein S deficiency. The inheritance of antithrombin, protein C and protein S 

deficiency was confirmed in a second blood sample and in at least one relative. 

No woman was pregnant at the time of thrombophilia testing. 

 

Definition of outcomes 

 

Any pregnancy-related VTE event was objectively confirmed by specific 

diagnostic methods (e.g. compression ultrasonography, lung V/Q scan, angio-

CT scan, angio-MR).  Pregnancy outcomes were at term pregnancies (defined 

as delivery occurred after 37th gestational week), miscarriages (defined as 

pregnancy loss occurring before the 20th gestational week), late obstetrical 

complications (preterm delivery, intra-uterine growth restriction, small for 

gestational age, preeclampsia, placental abruption and stillbirth) and 

terminations (voluntary abortion). Preterm delivery was defined as a delivery 

before the 37th week of gestation (with or without premature rupture of the 

membranes), intra-uterine growth restriction as an abnormal fetal growth in 

utero, small for gestational age as a newborn weight less than 10th percentile 

for gestational age according to the local referral values,[32] preeclampsia as 

the concomitant presence of arterial hypertension and a significant amount of 

proteins in the urine [33], and stillbirth as a pregnancy loss that occurred 

beyond the 20th gestational week.  
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Statistical analysis 

 

Continuous variables are presented as median and inter-quartile range (IQR), 

and categorical variables as counts and percentages. Comparisons between 

pregnancies with and without LMWH were performed for the risks of VTE 

and obstetrical complications, calculating the relative risks and their 95% 

confidence intervals (CI). A sensitivity analysis was performed stratifying 

pregnancies with or without LMWH for the presence of thrombophilia and 

further analyses were done classifying thrombophilia abnormalities as mild 

(heterozygous factor V Leiden or prothrombin G20210A mutation) or severe 

(antithrombin, protein C, protein S deficiencies, homozygous factor V Leiden 

or prothrombin G20210A mutation, combined abnormalities). 

Hyperhomocysteinemia and high FVIII are thrombophilia abnormalities of 

little clinical relevance. In addition, hyperhomocysteinemia is normalized in 

pregnant women by folic acid supplementation. Hence, these two 

abnormalities are only reported in table 1, but not in other analyses. The 

relative risks of pregnancy outcomes for full term, miscarriage and late 

obstetrical complications were calculated as the number of pregnancy 

outcomes on the total number of pregnancies excluding terminations. All 

analyses were performed using the statistical software SPSS (release 26.0, IBM 

SPSS Statistics for Windows, IBM Corp., Armonk, NY, USA). 

 

Results 

 

Patients characteristics 

In the inclusion period considered for this study, 1645 women were referred 

to our Center, of whom 1310 were excluded for age criteria, not having 

become pregnant after VTE, infertility or having the antiphospholipid 

antibody syndrome (Figure 1). Among 335 women who met the inclusion 

criteria, 118 were lost to follow up and 9 had an ongoing pregnancy at the time 

of this analysis. Hence, 208 women represented the final study population.  
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Figure 1. Flow chart of the study population 

 

One-hundred and thirty-eight pregnancies were conducted with LMWH and 

70 without. Among the latter, 30 women received LMWH prophylaxis only in 

the puerperium and 40 did not. Their general characteristics are shown in 

Table 1. The median age at first VTE, the age at index pregnancy and the 

prevalence of hormone-related risk factors, i.e. oral contraceptive use, 

pregnancy and puerperium at the time of the first VTE, were similar in the 

two groups, as well as the prevalence of women who had recurrent VTE 

before the index pregnancy. Previous PE was more prevalent in women who 

received LMWH prophylaxis during pregnancy than in those who did not 

(41% vs 14%). The prevalence of thrombophilia was doubled in women who 

received LMWH prophylaxis during pregnancy than in those who did not 

(56% vs 26%), although the prevalence of severe abnormalities was similar 

(17% vs 14%) in the two groups.  

Among women who did not receive LMWH during pregnancy, 26 

were referred to our Center after their first pregnancy after VTE, 20 had the 

indication to receive LMWH prophylaxis only during puerperium, 12 had 

miscarriages, 3 terminated voluntarily, 3 developed VTE at a very early 

gestational week and 6 did not come back to the Center when pregnant.  
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Table 1. Baseline characteristics of the study population  

 Pregnancies 

LMWH+ 

Pregnancies 

LMWH- 

Number of women, n 138 70 

Age at first VTE, median (IQR) 27 (23-32) 27 (24-31) 

Index event, n (%)   

Deep vein thrombosis 81 (59) 60 (86) 

Pulmonary embolism 32 (23) 5 (7) 

Deep vein thrombosis and pulmonary embolism 25 (18) 5 (7) 

Age at first pregnancy after VTE, median (IQR) 33 (29-36) 33 (29-36) 

Thrombophilia abnormalities, n   

Factor V Leiden 34 (25) 11 (16) 

Prothrombin G20210A mutation 26 (19) 9 (13) 

AT, PC, PS deficiency 20 (14) 6 (9) 

Hyperhomocysteinemia 8 (6) 10 (14) 

High factor FVIII 8 (6) 4 (6) 

Number of thrombophilia abnormalities*, n (%)   

None 71 (51) 52 (74) 

Single  56 (41) 9 (13) 

Multiple  11 (8) 9 (13) 

Severity of thrombophilia abnormalities*†, n (%)   

Mild 43 (31) 8 (11) 

Severe  24 (17) 10 (14) 

Risk factors at previous VTE, n (%)   

None 8 (6) 4 (6) 

Oral contraceptive use 96 (70) 44 (63) 

Pregnancy 14 (10) 6 (8) 

Puerperium 7 (5) 4 (5) 

Other transient risk factors 13 (9) 12 (17) 

Women with recurrent VTE before pregnancy, n (%) 13 (10) 6 (8) 

One recurrence 11 (8 DVT, 2 

PE, 1 SVT) 

6 (5 DVT, 

1SVT) 

More than one  2 (DVT) - 

LMWH, low-molecular-weight heparin; DVT, deep vein thrombosis; PE, pulmonary embolism; SVT, 

superficial vein thrombosis 
*excluding hyperhomocysteinemia and high Factor VIII 

†Severe thrombophilia includes: antithrombin (AT), protein (PC), protein S (PS)deficiencies; 

homozygous factor V Leiden (FVL) or prothrombin (PT) and combined abnormalities. 
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Pregnancy-related recurrent VTE 

Among 138 pregnancies with LMWH (124 prophylactic and 14 therapeutic 

doses) no VTE was observed, while 10 of 70 pregnancies without LMWH 

were complicated by 8 DVT, one PE and one cerebral vein thrombosis, for a 

risk proportion of 14.3% (95%CI, 7.5-24.0%) (Table 2). Five VTE (3 DVT, 

one cerebral vein thrombosis and one PE) occurred in women referred to us 

after the index pregnancy, 3 DVT occurred in women at the 7th, 9th and 10th 

gestational week before the start of LMWH prophylaxis and the remaining 2 

DVT occurred in women who did not contact us at the time of the index 

pregnancy. Among 17 women who had already had recurrent events before 

the index pregnancy, 11 received LMWH prophylaxis during index pregnancy 

and did not develop thrombotic complications, whereas one of the 6 who did 

not receive LMWH had a pregnancy-related recurrence. During puerperium, 

no women with (n=168) or without (n=40) LMWH prophylaxis developed 

VTE. 

The exposure to hormonal risk factors was the main cause for the first VTE 

event, with a prevalence of 85% and 77% in women with and without LMWH 

prophylaxis. Nine of the 10 women who experienced a recurrent pregnancy-

related VTE had had a previous hormone-related event, 7 during oral 

contraceptive intake and two during pregnancy. Among women who received 

LMWH during pregnancy one episode of minor bleeding during delivery and 

one mild thrombocytopenia after delivery were observed. 

 

Table 2. Prevalence of recurrent venous thromboembolism during pregnancy 

VTE, n (%) 

Pregnancies 

LMWH + 

N= 138 

Pregnancies 

LMWH- 

N= 70 

Deep vein thrombosis - 8 (11.4) 

Pulmonary embolism - 1 (1.4) 

Cerebral vein thrombosis - 1 (1.4) 

Total, n (%)  10 (14.3%) 

No superficial vein thrombosis was observed. 

VTE, venous thromboembolism; LMWH, low-molecular-weight heparin. 
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Pregnancy outcomes 

Overall, 129 (68%) full term pregnancies, 33 (17%) miscarriages, 29 (15%) late 

obstetrical complications and 17 (8 %) terminations were recorded. There was 

a 20% increased risk for reaching full term and a 60% reduced risk of 

miscarriages in women who received LMWH than in those who did not, while 

the prevalence of late obstetrical complications and terminations were similar 

in the two groups (Table 3). Looking at the previous obstetrical history, for 

158 women the index pregnancy was the first ever and we observed similar 

figures of the main analysis, while 19 of 50 women with at least one pregnancy 

prior to the index VTE also had a previous obstetrical complication or a 

termination. Thirteen women had early miscarriages (none had had more than 

two), 2 had small for gestational age newborns, 2 preeclampsia and 2 

terminated. Thirteen of the 19 women with a previous history of obstetrical 

complications received LMWH during the index pregnancy, with the following 

outcomes: 10 full term pregnancies, one miscarriage, one preterm delivery and 

one intra-uterine growth restriction. The remaining 6 women who did not 

receive LMWH during the index pregnancy had 3 full term pregnancies, 2 

miscarriages and one preterm delivery with a small for gestational age 

newborn.  

 

Table 3. Risk of obstetrical complications 

LMWH, low-molecular-weight heparin; RR, relative risk; CI, confidence interval. 

* 1 stillbirth, 4 fetal growth restriction, 1 small for gestational age, 7 preterm (2 with SGA and one 

with placenta previa), 7 preeclampsia, 1 placental abruption. † 2 stillbirth, 3 small for gestational age, 

2 preterm (one with SGA), 1 preeclampsia, 1 placental abruption 

 

Thrombophilia  

Table 4 shows the risk proportions of pregnancy-related VTE and obstetrical 

complications stratified by the presence of thrombophilia abnormalities. The 

risk of pregnancy-related recurrent VTE was slightly higher in women with 

Pregnancy outcome, n (%) 

Pregnancies  

LMWH + 

N= 138 

Pregnancies  

LMWH- 

N= 70 

 

RR (95%CI) 

 

Full term 92 (67) 37 (53) 1.2 (1.0-1.5) 

Miscarriage 15 (11) 18 (26) 0.4 (0.2-0.8) 

Late obstetrical complication 21 (16) * 8 (13) † 1.3 (0.6-2.8) 

Termination  10 (7) 7 (10) 0.7 (0.3-1.8) 
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thrombophilia than in those without (17% vs 13%) with a RR of 1.2 (95%CI 

0.4-4.3). The same risks of the main analysis were observed for obstetrical 

complications.   Ten of 85 women with thrombophilia (12%) compared to 7 

of 123 without (6%) chose to terminate their pregnancy. Further distinction 

when these women were stratified by absence of thrombophilia, mild or severe 

thrombophilia showed a prevalence of terminations of 5.0% (95%CI 2.0-

10.0%), 9.8% (95%CI 3.7-20.4%) and 14.7% (95%CI 5.6-29.6%), respectively. 

 

Table 4. Stratification analysis according to the presence of thrombophilia 

abnormalities 

 

Thrombophilia + 

N=85 

Thrombophilia – 

N=123 

LMWH + 

N=67 

LMWH – 

N=18 RR (95%CI) 

LMWH+ 

N=71 

LMWH – 

N=52 RR (95%CI) 

VTE, n (%) 

 

- 3 (17) - - 7 (13) - 

Pregnancy outcome, n (%)       

Full term 44 (66) 6 (33) 1.7 (0.9-3.1) 48 (67) 31 (60) 1.1 (0.9-1.5) 

Miscarriage 7 (10) 6 (33) 0.3 (0.1-0.7) 8 (11) 12 (23) 0.5 (0.2-1.1) 

Late obstetrical complication 10 (15) 2 (11) 1.1 (0.3-4.7) 11 (15) 6 (12) 1.3 (0.5-3.4) 

Termination  6 (9) 4 (22) 0.4 (0.1-1.3) 4 (6) 3 (6) 1 (0.2-4.2) 

VTE, venous thromboembolism; LMWH, low-molecular-weight heparin; RR, relative risk; CI, 

confidence interval. 

 

Discussion 

This retrospective cohort study evaluated the risk of recurrent pregnancy-

related VTE and the risk of obstetrical complications in the 208 first 

pregnancies that occurred following an episode of VTE and were conducted 

with or without antithrombotic prophylaxis with LMWH. We observed a 

14.3% prevalence of recurrent VTE in 70 pregnancies conducted without 

LMWH, whereas no VTE complicated the pregnancies conducted with 

LMWH. No recurrent VTE was observed during puerperium, with or without 

LMWH. Although miscarriages were less frequent in pregnancies conducted 

with LMWH, the prevalence of obstetrical complications was similar in the 

two groups.  

Previous studies showed a higher prevalence of recurrent VTE in the 

puerperium than during pregnancy,[34] at variance with our findings (14.3% vs 

0%). Moreover, we found slightly higher prevalence in the antepartum period 

than previously reported. [8,35,36] This might be due to a selection bias for 
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referral, including women referred for the index event in pregnancy, or to the 

fact that our tertiary care Center receives patients with a particularly high risk 

of recurrent VTE (i.e. women with thrombophilia or a history of recurrent 

VTE). However, only one woman who recurred was referred for the index 

event in pregnancy, 5 had recurrent VTE before the referral and 4 were 

already followed by us at the time of the index event. Furthermore, excluding 

women who had had recurrent VTE before the index pregnancy, the rate of 

pregnancy-related VTE remained the same. 

Concerning thrombophilia as an additional risk factor, the prevalence of 

pregnancy-related recurrent VTE was similar in women with or without 

abnormalities (17% vs 13%), in broad agreement with other studies.[8,9,37] 

Looking at other transient risk factors for pregnancy-related recurrent VTE, 

we observed that the most prevalent risk factor at the time of the index VTE 

was hormonal, and that women with a previous VTE episode during 

pregnancy, puerperium or oral contraceptive intake are at increased risk of 

recurrence during pregnancy.[8,9,38] Notwithstanding the fact that the 

absolute risk of antepartum recurrent VTE remains controversial,[24] our data 

suggest that the risk should be carefully evaluated not only during puerperium 

but also during pregnancy, particularly in women who had had a hormone-

related previous VTE, in line with recent recommendations.[13] Some findings 

support the views that a history of VTE is associated with an increased risk of 

obstetrical complications,[39,40] but the evidence to support the use of 

LMWH for the prevention of those complications are still poor, with 

inconsistent results and weak recommendations. [2,41] In our study, 

pregnancies conducted with LMWH prophylaxis had a lower incidence of 

miscarriages than those conducted without, particularly in women with 

thrombophilia, but no differences for the risk of late obstetrical complications 

were observed in the two groups. This might be explained by different 

mechanisms underlying obstetrical complications compared to those of VTE. 

Finally, in our cohort we observed that women with thrombophilia chose 

termination twice more frequently than women without, suggesting that 

women with thrombophilia should receive careful counselling for the available 

options in order to give birth safely. The generalizability of our results, 

contrary to previous studies conducted in women with obstetric history, can 

be applied to the first pregnancy after a previous VTE, being the first 

pregnancy the vast majority of those evaluated in this study. Strengths of our 

study were the evaluation of a large number of observations (208 first 
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pregnancies following the index VTE with or without LMWH) and a complete 

thrombophilia work-up performed in all women. However, several limitations 

must be recognized. The main one is the retrospective nature of the study, 

with no randomization and the possibility to incur into referral bias. Data on 

pregnancy complications were collected retrospectively and a recall bias cannot 

be excluded, although we have no reason to think that this bias would 

differently involve women with or without LMWH prophylaxis. Moreover, the 

relatively small numbers in the subgroup analysis (i.e. stratification for the 

presence of thrombophilia) did not allow to draw firm conclusions on the 

interaction between LMWH and thrombophilia, particularly for obstetrical 

complications. Because of the small number of women without LMWH 

during puerperium, this study was underpowered to detect a difference in the 

prevalence of recurrent VTE during puerperium without LMWH. 

In conclusion, this study suggests that the use of prophylactic doses of LMWH 

during pregnancy and puerperium lowers the risk of pregnancy-related 

recurrent VTE, particularly in women who previously had hormone-related 

VTE, a condition associated with an increased risk of pregnancy-related 

recurrent VTE. LMWH prophylaxis during pregnancy may be effective also 

for the prevention of miscarriages, but not of late obstetrical complications. 

Women with thrombophilia chose termination twice more frequently than 

those without, an observation that should prompt to evaluate the quality of 

counselling regarding future pregnancies in women diagnosed as having 

thrombophilia. They should be reasonably reassured on the safety and efficacy 

of LMWH prophylaxis in preventing VTE and perhaps miscarriage.  
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Summary and general discussion 

 

VTE is a serious and life-threatening situation with an incidence of 1-2 

per 1000 person-years. These figures are doubled for women exposed to 

reproductive risk factors, such as hormonal intake (oral contraception or 

hormonal replacement therapy), pregnancy and puerperium, compared to men 

of similar age. 1 There are also evidences on the different clinical presentation 

and location of VTE between men and women. Hence, when it comes to 

women, reproductive risk factors, presence of thrombophilia abnormalities, 

unusual location of VTE, and their possible interactions, must be considered 

to evaluate and stratify the risk of VTE for primary or secondary prevention 

and treatment of VTE, accordingly. 

In Chapter 2 we reviewed the literature to provide an update 

summary of the available recommendations for the treatment of VTE at 

unusual sites, since it could vary widely according to the affected site. Among 

others, the therapeutic approach for CVT and for the ovarian vein thrombosis, 

as female-related unusual sites, were described. For the first one a therapeutic 

algorithm was provided, while for the latter, it is worth considering that it is 

mostly reported during pregnancy or post-partum and therapeutic 

recommendation from international scientific societies are lacking. Treatment 

of ovarian vein thrombosis is only mentioned by the Canadian Society of 

Obstetricians and Gynecologists.  

Furthermore, we tried to address the issue of the usefulness of 

performing thrombophilia screening in patients who experienced VTE at 

unusual site, although recommendations from the guidelines are lacking. When 

a local or systemic condition triggers the event, thrombophilia screening seems 

worthless, whereas it can be useful for those selected patients with idiopathic 

events, young age, or positive family history of VTE. However, caution should 

be used in interpreting the results of thrombophilia screening for various 

reasons, among them their possible psychological implications. This issue 

should be carefully evaluated, particularly for fertile women. 

CVT has a skewed sex ratio, being more frequent in women than in 

men, as described in Chapter 3. Although the incidence of this rare 

manifestation remains uncertain, it has increased over the last decade up to 15 

annual cases per million individuals, possibly for the amelioration of objective 

techniques.2,3 CVT occurs more often in young women because it is 

particularly associated with oral contraceptive use and pregnancy, other than 
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with certain infection or inflammatory states (sinusitis, meningitis, vasculitis, 

etc.), local trauma or lumbar puncture. Indeed, oral contraceptive use was 

reported in more than 80% of women with CVT and pregnancy and 

puerperium account for 5-20% of cases, with an annual incidence of 12 cases 

per 100000 deliveries. 4,5  

The mainstay of treatment for CVT, regardless of presence of 

intracranial haemorrhage, is anticoagulation. To date, anticoagulant therapy for 

CVT, as well as for other VTE at unusual sites, is generally accepted, but the 

optimal therapeutic approach remains challenging, particularly when an 

intracranial hemorrhage occurs (approximately 40% of cases).6 Moreover, the 

optimal duration is still debated. The ongoing study EXCOA-CVT has the aim 

to evaluate the benefit of extended anticoagulant therapy after CVT, 

comparing short-(3-6 months) versus long-term (12 months) anticoagulation. 7 

Also, the use of direct oral anticoagulants is still under investigation. The RE-

SPECT CVT trial comparing dabigatran to warfarin was recently concluded, 

showing that the majority of patients with CVT anticoagulated with either 

dabigatran or warfarin reached a partial or complete recanalization after six 

months.8 

The extended use of oral contraceptives for medical reasons and for 

birth control, has allowed to highlight their role as risk factor for VTE (Roach 

2014).1 It has been showed that the risk varies widely according to dose, type, 

administration route 9,10 and is highest in the first 6-12 months of use.11 The 

large case-control study on 1020 fertile women with previous VTE and 887 

controls presented in Chapter 4 aimed to address the unanswered specific 

question of whether or not oral contraceptive use should be considered the 

same risk factor in women who develop VTE within few months or after 

many years of use. The association between the duration of oral contraceptive 

use and risk of VTE according to the women’s age and periods of use, as well 

as the prevalence of thrombophilia and other risk factors, were investigated. 

Our study confirms that women on oral contraceptive are at higher risk in the 

first year of use than beyond.12 We stratify our population in short (<1 year), 

who had the highest risk, long (1 to 5 years) and very long users (>5 years) 

whose risk was not established. The risk of VTE decrease progressively over 

time, in contrast to what showed from a large population-based study.9 Then, 

thrombophilia and body mass index were included as variables in the adjusted 

model, while age and the categories first/multiple user were considered as 

mediators. Stratifying the analyses by age, we considered the possible 
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confounding effect of age and showed that the association between the 

duration of oral contraceptive use and VTE was valid only for women aged 30 

years or less and first users. We also showed the joint effect of thrombophilia 

on the risk of VTE in the short users. Separate analysis for women with CVT 

showed similar results of the main analysis on common sites, with slightly 

decreased estimate for the latter, as expected. 13 

Also, pregnancy, as a hormonal-related condition at risk of VTE, 

contribute to the majority of the first thrombotic manifestations among 

women during reproductive age. In particular, the safety of a pregnancy in 

women who had had a previous CVT need to be established in terms of 

thrombotic recurrences and pregnancy outcomes. In Chapter 5 we aimed to 

address specifically this question evaluating the risk of obstetrical 

complications, recurrent thrombosis and bleeding complications in a cohort of 

pregnant women on LMWH prophylaxis after a first episode of CVT. In 

Chapter 6 we extended the same questions to a wider study period, up to 23 

years. A previous systematic review, with limited data on antithrombotic 

prophylaxis, showed a low absolute risk of pregnancy-related recurrence (9 per 

1000, 95%CI 12-61) although the relative risk is 80-fold higher compared to 

general population.14 Among 52 women on intermediate dose of LMWH 

prophylaxis included in the study presented in Chapter 5, neither recurrent 

event nor minor or major bleeding were observed. The relative risk of 

developing obstetrical complications was 6-fold increase compared to healthy 

controls and it was not associated to an adverse obstetrical history. The intra-

women case-cross over analysis among 17 women with pregnancies either 

before and after CVT confirmed the main observation of increased risk of late 

obstetrical complication after CVT. Therefore, our study did not support the 

hypothesis that LMWH prophylaxis could prevent obstetrical complication, 15 

either in women with or without thrombophilia. These figures did not 

substantially change in the wider sample presented in Chapter 6. Moreover, 

having had a CVT and being a carrier of thrombophilia abnormalities seemed 

to influence the decision to terminate, reflecting the fear of the women to 

perpetrate a situation at risk.  

Data from a meta-analysis are in favor of LMWH in the prevention of 

recurrent placenta-mediated pregnancy complications.16 On the other hand, 

the evidence about the risks and benefits of antithrombotic prophylaxis in 

women at risk of VTE is uncertain 17 because definitive trials are difficult to 

set up, particularly for rare condition such as severe thrombophilia. In 
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Chapter 7 was reported a single-centre cohort study aimed to evaluate the risk 

of pregnancy-related VTE and obstetrical complications in 88 women with 

type I antithrombin deficiency, the most severe thrombophilia abnormality. 

These women were referred to our Center over a 38 years period. Due to the 

rarity of the condition, similar studies are lacking. The most recent guidelines 

of the American Society of Hematology 18 suggest with low certainty of 

evidence the use of LMWH prophylaxis in pregnant women with 

antithrombin deficiency only if they had had previous VTE or a positive 

family history for VTE. Our data suggest that women with antithrombin 

deficiency have a high risk of VTE during pregnancy and puerperium and this 

risk is still relevant in those with a negative family history for VTE. Moreover, 

an increased risk of late placenta-mediated obstetrical complications, despite 

the use of LMWH prophylaxis, was observed. Finally, the prevalence of 

terminations was 10-times higher in women with previous VTE than in those 

without. The efficacy of LMWH prophylaxis in preventing pregnancy-related 

VTE but not obstetrical complications, suggests that the two diseases could 

have different pathological mechanisms, particularly in antithrombin deficient 

women, and more basic research on molecular pathways are warranted. In 

Chapter 8 we evaluated the use of LMWH in the first pregnancy following a 

previous episode of VTE. The majority of the investigated events (n=158), 

contrary to what is mainly reported in the literature, occurred in primigravidae 

women. Once more, antithrombotic prophylaxis has proven effective and safe 

in preventing the risk of recurrent VTE and perhaps miscarriage, but not that 

of late obstetrical complications. 

In conclusion, this work provides some lights on the use of 

anticoagulant treatment for VTE at unusual sites and on the use of LMWH in 

pregnant women at risk of VTE. In the era of precision medicine, it is 

important to measure and understand inter-personal differences to better 

define the individual risk of VTE, particularly in such high-risk situations as 

oral contraceptive use, pregnancy and puerperium. As randomized controlled 

trials are unlikely to be done in these settings, due to the large sample size 

needed and the rarity of the disease, this work provides data that will be useful 

for future secondary data analysis, particularly for pregnant women with 

thrombosis at unusual sites or women with rare thrombophilia abnormalities. 

Future studies will elucidate whether or not some women receiving LMWH 

have an increased risk of late obstetrical complications. Data on the interaction 

between thrombophilia and LMWH prophylaxis during pregnancy indicate 
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that uncertainty remains on the pathophysiology of obstetrical complications. 

There are some risk factors, such as thrombophilia abnormalities, that are 

shared between the risk of VTE and that of obstetrical complications, but the 

underlying molecular pathways could be different and need to be elucidated to 

tailor preventive strategies. Additionally, some alternative approaches, such as 

higher doses of LMWH, monitoring anti-factor Xa activity, or using of 

antithrombin concentrate, should be considered in future studies on pregnant 

women, due to their high risk of developing pregnancy-related VTE. 

Furthermore, these data underscore the need to raise awareness on the 

psychological aspect of the communication of the results of thrombophilia 

screening to women, as this may have negative implications when they became 

pregnant.  
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Impact paragraph 
 

Venous thromboembolism is a life-threating condition and the leading 
cause of maternal mortality in developed countries. In many cases it can be 
prevented and adequately treated, but some areas of uncertainty remain. The 
contents of this thesis contribute to summarize the available evidences on the 
risk factors, clinical aspects, prevention and treatment of venous 
thromboembolism in women, particularly when it occurs at such unusual sites 
as cerebral veins and sinuses. This work also contributes to the knowledge on 
oral contraceptive use and pregnancy as risk factors for venous thrombosis 
and pregnancy outcomes with or without antithrombotic prophylaxis with low 
molecular weight heparin.  

These data further strengthen the knowledge on how the duration of 
oral contraceptive use influences the risk of venous thromboembolism. The 
period within one year of use is associated with a higher risk of venous 
thromboembolism in women aged less than 30 years than in those over 30, 
particularly in the first-time users. Additionaly, the risk of venous 
thromboembolism associated with the short duration of oral contraceptive use 
strongly interacts with the presence of thrombophilia abnormalities. The 
longer the use of hormonal contraception, the higher the number of transient 
risk factors other than oral contraceptive that act as main triggers of venous 
thrombosis, independently of women’s age. The studies on cerebral venous 
thrombosis and pregnancy contribute to improve the knowledge on a poorly 
investigated topic, showing that women with previous cerebral vein 
thrombosis appear at increased risk of late obstetrical complications despite 
antithrombotic prophylaxis, however the risk of recurrent thrombosis and 
bleeding during pregnancy is low. Additionally, having had a cerebral vein 
thrombosis and being carrier of a thrombophilia abnormality greatly 
influenced the decision to terminate pregnancy. Although on one hand women 
with previous cerebral vein thrombosis should not be discouraged to become 
pregnant, on the other hand they should be informed and reassured on the 
possible risks. Investigating a large sample of women with the rare and severe 
thrombophilia abnormalities antithrombin deficiency, we observed a high risk 
of venous thromboembolism during pregnancy and puerperium both in those 
with positive and negative family history, and also an increased risk of late 
obstetrical complications. The efficacy of antithrombotic prophilaxis for the 
prevention of pregnancy-related venous thromboembolism but not obstetrical 
complications suggests that the causes underlying the two complications could 
be different. Finally, in women with or without thrombophilia abnormalities 
with the exception of antiphopsholipid antibodies, antithrombotic prophylaxis 
is effective and safe in preventing recurrent thrombosis and miscarriage in the 
first pregnancy after venous thrombosis, but it does not prevent late 
obstetrical complications. 
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The provided data are added to the scarce available evidence, 
particularly in rare settings such as pregnant women after thrombosis at 
unusual sites or women with severe thrombophilia at risk of pregnancy-related 
venous thromboembolism. All the results included in this thesis have been 
submitted to peer-reviewed scientific journals in the area of Thrombosis and 
Haemostasis, and all but one have already been published online or printed. In 
the absence of randomized clinical trials in the setting of rare thrombosis and 
pregnancy, our data provide evidence in favor of the use of low molecular 
weight heparin prophylaxis to lower the risk of pregnancy-related recurrent 
thrombosis in women with previous cerebral vein thrombosis. We would also 
encourage international scientific societies to share therapeutic 
recommendation for rare thromboses that are often neglected by the 
guidelines. The increased risk of recurrent thrombosis during pregnancy in 
women who had had a previous thrombotic event during oral contraceptive 
use should motivate physicians to carefully evaluate pregnant women for the 
thrombotic history and the risk factors present at the time of previous event. 
These data highlight the importance of the assessment of an individual risk 
profile, as well as of the treatment-associated risks and benefits (i.e.  risk of 
placenta-mediated obstetrical complications despite antithrombotic 
prophylaxis in women with previous cerebral vein thrombosis or carrier of 
antithrombin deficiency), suggesting a personalized approach. In addition, 
these data underline how having experienced a thrombotic event and being 
carrier of a thrombophilia abnormality can negatively affect the choice to carry 
a pregnancy to term. This should prompt awareness on a balanced counselling 
for women with a personal history of thrombosis taking into account 
psychological aspects. Pregnancy is a complex phenomenon which includes 
psychological changes and could be a stressful event, particularly for women 
who experienced a previous pregnancy-related thrombosis. In light of these 
findings, the scientific and social challenge should be directed towards new 
preventive measures, including adequate psychological support strategy for 
women who might get pregnant after a thrombotic event.  

First and foremost, prompt recognition investing in communication 
campaigns and adequate treatment, which in the near future could include 
direct oral anticoagulants, will allow to reduce mortality. As well, any progress 
in the knowledge of risk factors for venous thromboembolism will ameliorate 
the risk stratification and optimize preventive strategies, increasing the benefits 
and limiting the harms of anticoagulant therapy. Observational and 
epidemiological studies, like those proposed in this thesis, fit into this 
framework adding evidence on the management of such unusual situations as 
rare thrombosis and pregnancy, and increasing the awareness of the gaps of 
knowledge. The pathophysiology of obstetrical complications, either in women 
who experience a previous cerebral vein thrombosis or women with 
antithrombin type I deficiency, should be elucidated. If the occurrence of 
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obstetrical complications in these settings will be confirmed, future studies 
should identify those women who could benefit from antithrombotic 
prophylaxis without harm.  
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