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Essentials

• Pregnancy is a risk factor for thrombosis.

• Management of thrombosis risk in pregnancy remains a

challenge.

• Prophylaxis needs to be personalized.

• Our score may be a helpful tool for the management of

pregnancies at high risk of thrombosis.

Summary. Background: Patients with thrombophilia and/

or a history of venous thromboembolism (VTE) are at

risk of thrombosis during pregnancy. A risk score for

pregnancies with an increased risk of VTE was previ-

ously described by our group (Lyon VTE score). Objec-

tives: The aim of this prospective study was to assess

the efficacy and safety of our score-based prophylaxis

strategy in 542 pregnancies managed between 2005 and

2015 in Lyon University Hospitals. Patients/Methods:

Of 445 patients included in the study, 36 had several

pregnancies during the study period. Among these 445

patients, 279 had a personal history of VTE (62.7%),

299 patients (67.2%) had a thrombophilia marker, and

131 (29.4%) thrombophilic women had a personal his-

tory of VTE. During pregnancy, patients were assigned

to one of three prophylaxis strategies according to the

risk scoring system. Results: In the antepartum period,

low molecular weight heparin (LMWH) prophylaxis

was prescribed to 64.5% of patients at high risk of

VTE. Among them, 34.4% were treated in the third tri-

mester only, and 30.1% were treated throughout preg-

nancy. During the postpartum period, all patients

received LMWH for at least 6 weeks. Two antepartum-

related VTEs (0.37%; one with a score of < 3 and the

other with a score of > 6) and four postpartum-related

VTEs (0.73%; three with scores of 3–5 and one with a

score of > 6) occurred. No case of pulmonary embolism

was observed during the study period. The rate of

bleeding was 0.37%. No serious bleeding requiring

transfusions or surgery occurred during the study

period. Conclusion: The use of a risk score may provide

a rational decision process to implement safe and effec-

tive antepartum thromboprophylaxis in pregnant women

at high risk of VTE.

Keywords: low molecular weight heparin; Lyon VTE

score; pregnancy; prophylaxis; venous thromboembolism.

Introduction

Venous thromboembolism (VTE) can occur at several key

periods in a woman’s lifetime: for example, the risk of

VTE is four to five times higher in pregnant women than

in non-pregnant women of the same age [1–3]. This risk

is 10 times higher during the postpartum period [4–6].
The risk of VTE exists throughout pregnancy, but the

risk may increase as the pregnancy progresses [7], and the

risk of fatal pulmonary embolism (PE) is higher during

the third trimester and postpartum [4,5,7].

The main risk factors for developing VTE during preg-

nancy include a personal history of VTE, a patient age of

> 35 years, and hereditary or acquired thrombophilia.
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An individual assessment of the VTE risk is crucial for

optimal thromboprophylaxis, but there is no validated

tool to help clinicians stratify the risk in pregnant women

and introduce prophylactic anticoagulation at the appro-

priate time. Recommendations mostly based on case–con-
trol studies and expert opinions do not accurately reflect

the physician’s need, and the management of VTE risk in

pregnancy remains a challenge. The use of a risk stratifi-

cation tool that takes all individual risk factors for VTE

into consideration and that aids in making decisions

regarding prophylaxis regimens may help. Our group has

previously described a VTE risk score (the Lyon VTE

score), rating patients at increased risk of VTE and rec-

ommending individually tailored management [8]. A ret-

rospective evaluation of the initial score showed favorable

outcomes in pregnancies with a high risk of thrombosis

[8]. A subsequent multicenter prospective study reported

promising results with a modified version of this score

and a related management strategy [9]. We wanted to

evaluate this score prospectively in a larger population

while excluding patients receiving long-term anticoagu-

lants, those with antithrombin deficiency, and those with

antiphospholipid syndrome, for whom clear recommenda-

tions exist [10–12]. Thus, the main objective of this study

was to evaluate the efficacy and tolerability after 10 years

of prospective use of the Lyon VTE score in daily prac-

tice to guide the prescription of antithrombotic prophy-

laxis during pregnancy.

Materials and methods

Patients

There were 566 eligible, consecutive pregnant patients at

high risk of VTE, referred to the Clinical Hemostasis

Unit of Lyon University Hospitals, during the study per-

iod between 1 January 2005 and 1 January 2015.

Inclusion criteria

Pregnant patients included in the study were those at risk

of thromboembolism because of a history of VTE and/or

a confirmed inherited thrombophilia marker: protein C or

S deficiency, factor V Leiden mutation, or prothrombin

G20210A mutation.

Exclusion criteria

The exclusion criteria were: contraindication to heparin

therapy, obstetric complications only, with no history of

VTE (pre-eclampsia, HELLP [hemolysis, elevated liver

enzymes, low platelet count], intrauterine growth retarda-

tion, miscarriage, etc.), a history of superficial venous

thrombosis, and those having the highest VTE risk, for

whom clear recommendations with a high level of evi-

dence are available (patients receiving long-term

anticoagulants, or those with antiphospholipid syndrome

or antithrombin deficiency).

The Lyon VTE score

The Lyon score was first described in 2005 [8]. This score

was established according to data from the literature, and

tested retrospectively and blindly. This encouraged the

performance of a prospective study of a larger number of

patients, and the modified score was validated in a second

prospective multicenter study [9].

The score assessed VTE risk during pregnancy accord-

ing to three main criteria: (i) history of VTE; (ii) known

thrombophilia markers; and (iii) contemporary risk fac-

tors dependent on the current pregnancy. In each cate-

gory, only one point was assigned to the item presenting

the lowest risk factor, and the score was balanced for

other items in accordance with the estimated risk degree

available in the literature (Table 1).

Table 1 Score for the assessment of the risk of pregnancy-related

venous thromboembolism (VTE)

Risk factor Venous thromboembolism Score

Personal history of

VTE

History of VTE related to pregnancy

(occurred during the antepartum

period), or cerebral vein thrombosis

or massive PE or VTE in childhood

(age < 16 years)

6

Spontaneous or estrogen-induced PE

or proximal DVT

3

Transient risk factor-induced PE or

proximal DVT

2

Spontaneous or estrogen-induced

distal calf DVT

2

Transient risk factor-induced distal

calf DVT

1

If there is a personal

history of VTE

Recurrent VTE history 3

Residual venous thrombi with clinical

signs of post-thrombotic syndrome

3

Recent VTE history < 2 years 2

Thrombophilia Homozygous mutations, combined

thrombophilia risk factors

3

Protein C deficiency, protein S

deficiency, heterozygous F5 G1691A

mutation, heterozygous F2

G20210A mutation

1

If no hypercoagulability detected,

family history of severe or recurrent

VTE

1

Other risk factors Bed rest, immobilization 2

Twin pregnancy 1

Age > 35 years 1

Body mass index of > 30 kg m�2 1

DVT, deep vein thrombosis; PE, pulmonary embolism. Total

score = No. antenatal prophylaxis if the score is < 3. Early heparin

prophylaxis in patients with a score of ≥ 6. Low molecular weight

heparin was prescribed only in the third trimester to patients with a

score between 3 and 5.
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Regarding the risk factors associated with a history of

VTE, we took into account the circumstances of the

occurrence of thrombotic events (spontaneous or with

transitory risk factors), location and severity of the

venous thrombosis, and age of onset of the first episode.

We attributed the least important risk factor (1 point) to

distal deep vein thrombosis (DVT) history with triggering

factor and the weighted coefficient based on whether it

was spontaneous or not and depending on the severity of

the thrombotic history. The major risk factor (6 points)

was attributed to a personal history of DVT occurring

during pregnancy. Six points were awarded for serious

and/or very unusual thrombotic events, i.e. massive PE,

spontaneous or estrogen-induced cerebral vein thrombosis

(CVT) and VTE that occurred during childhood before

the age of 16 years.

With regard to individual risk factors present during

the ongoing pregnancy, we took into account age of

> 35 years, obesity, twin pregnancy, and immobilization

or bed rest during pregnancy (lying in bed for > 18 h per

day).

We attributed an intermediate risk (3 points) to com-

bined thrombophilia markers and homozygous mutations,

and gave 1 point to all other inherited thrombophilia con-

ditions. If the thrombophilia screening remained non-

informative, a point was given if there was a spontaneous

or recurrent family history of VTE in first-degree relatives

aged < 60 years.

The result of the score classified patients into three

groups:

• For a score below 3, the patient does not receive low

molecular weight heparin (LMWH) during the antepar-

tum period.

• If the score is between 3 and 5, a prophylactic dose of

LMWH is introduced (enoxaparin 40 mg day�1 subcu-

taneously) in the third trimester.

• If the score is ≥ 6, the prophylactic dose of LMWH is

prescribed early during pregnancy.

No patient received therapeutic doses of LMWH dur-

ing the study.

In all cases, LMWH prophylaxis was prescribed during

the postpartum period: 6 weeks in the case of vaginal

delivery, or 8 weeks in the case of caesarean section.

Elastic compression stockings (16–20 mmHg) were pre-

scribed systematically to all patients throughout preg-

nancy and during the postpartum period. All patients had

been given advice on the potential benefit of physical

activity, and received recommendations against a seden-

tary lifestyle, if not advised otherwise by the obstetrician

in some cases.

Patients underwent a monthly consultation for clinical

evaluation. The consultation also enabled new risk factors

(bed rest, immobilization, etc.) to be identified that would

necessitate a change in score, and therefore adjustment of

thromboprophylaxis.

A postpartum consultation was organized 3 months

after delivery. It allowed the identification of potential

intercurrent events.

Occurrence of thrombotic episodes and/or complications

If there was an episode of acute VTE, we recorded the

stage of pregnancy during which it occurred, the location

of the thrombosis, the circumstances, and the diagnostic

method. The occurrence or absence of complications,

such as severe bleeding, heparin-induced thrombocytope-

nia, symptomatic osteoporosis, and intolerance to injec-

tions, requiring a change in treatment was also noted.

Laboratory tests: thrombophilia testing

All patients included in the study underwent throm-

bophilia screening, including blood count, activated

partial thromboplastin time, prothrombin time, fibrino-

gen, antithrombin activity and antigen levels, pro-

tein C and protein S activity and antigen levels, lupus

anticoagulant, anticardiolipin antibodies and anti-b2-
glycoprotein 1 antibodies, and FV Leiden and pro-

thrombin gene mutations. Tests were performed in the

majority of cases before the pregnancy, in the same

hemostasis laboratory as described previously [9]. Eleven

asymptomatic women with family history of VTE and

known thrombophilia in the family (eight FV Leiden

and three prothrombin gene mutations) were diagnosed

during pregnancy.

Data analysis

A questionnaire was completed for each pregnancy. It

included an inclusive record, score calculation, and an

evaluation form extending to 3 months after delivery.

Information collected at baseline included the identity of

the patient, age, weight, height, smoking habit, number of

pregnancies, history of vascular-placental pregnancy com-

plications, history of miscarriages, character of preg-

nancy, i.e. spontaneous or as a result of in vitro

fertilization, VTE history, the existence of a known

thrombophilia, and type and presence/absence of a family

history of VTE in first-degree relatives.

After collection of the information, the score was calcu-

lated for each pregnancy, and patients were divided into

three groups: score of < 3, score of 3–5, and score of ≥ 6.

Each group defined the therapeutic approach to be pre-

scribed in terms of antithrombotic prophylaxis during

pregnancy.

The last part of the questionnaire related to the post-

partum visit at 3 months after delivery. The information

gathered was the date of delivery, the weight and the sex

of the newborn, the type of delivery, the type of anesthe-

sia, if any, the introduction of LMWH dosage and the

duration of treatment, the occurrence or absence of a
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VTE event and context, and finally the occurrence or not

of complications.

The data analysis was descriptive, with averages and

standard deviations (SDs). In cases of incomplete ques-

tionnaires, patients and obstetricians were contacted by

phone or by mail.

Results

A total of 566 pregnant women with thromboembolic risk

were enrolled in the study after informed consent had

been obtained. Of these, 99 patients were excluded: two

patients had antithrombin deficiency, 10 patients had

antiphospholipid syndrome, five patients were on long-

term warfarin, 51 patients had thrombophilia associated

with early miscarriages, 29 patients had thrombophilia

associated with the HELLP syndrome, preeclampsia,

eclampsia, in utero fetal death, or in utero growth restric-

tion, and two patients were seen during early pregnancy

for acute DVT and were referred to us for their manage-

ment. That left 467 patients who were included in the

study, but 22 were lost to follow-up. A total of 445

patients completed the study with a full set of data, and

their results were analyzed (Table 2). Thirty-six women

had several pregnancies (n = 133) and 409 had one preg-

nancy during the study period. In total, 542 consecutive

pregnancies at high risk of VTE, managed in a same way

between 2005 and 2015 in Lyon University Hospitals by

use of the Lyon VTE score, were analyzed (Fig. 1).

Patients’ characteristics

The average age of the patients (542 pregnancies) was

33 years (� 4.8 years) (mean � SD); 132 patients (29%)

were aged > 35 years. The mean body mass index (BMI)

was 24.3 kg m�2 (� 5.1 kg m�2). Eight patients were mor-

bidly obese (BMI > 35 kg m�2), and 61 (13.7%) patients

were active smokers. Of the patients, 190 were primiparous

and 255 were multiparous. Twelve pregnancies were twins

and 19 patients were prescribed bed rest at the end of their

pregnancy to reduce the risk of preterm delivery.

VTE history

A total of 279 (62.7%) patients had a history of VTE, of

whom 85 had a proximal DVT of the lower limbs, 121 had

a distal calf DVT, 63 had PE, 10 had CVT, 25 had recur-

rent VTE, and 41 had residual venous thrombi (≥ 2 mm)

associated with clinical signs of post-thrombotic syndrome,

i.e. pain, edema, heaviness, hyperpigmentation, etc.

Thrombophilia

A total of 299 (67.2%) patients were carriers of throm-

bophilia markers: 26 patients had a protein C deficiency,

18 had a protein S deficiency (all detected before the preg-

nancy, in the absence of hormone therapy and confirmed

by genotyping), 152 had a heterozygous FV Leiden muta-

tion, nine had a homozygous FV Leiden mutation, 65 had

a heterozygous F2 20210A mutation, and four had a

homozygous F2 20210A mutation. Twenty-five patients

had combined thrombophilia markers.

Risk of thrombosis as evaluated with the Lyon VTE score

(Table 3)

A total of 158 (35.5%) patients had a computed score

below 3 (moderate risk) in early pregnancy. Of these

patients, 22.7% had a personal history of VTE and

79.1% had thrombophilia.

A total of 153 (34.4%) patients had a score of 3–5
(high risk). Among these patients, 92% had a history of

VTE and 66.7% had thrombophilia.

The remaining 134 (30.1%) patients had a score of ≥ 6

(very high risk). All of these patients (100%) had a his-

tory of VTE and 41% had thrombophilia.

Thromboprophylaxis by score (Table 2)

Among the 158 patients who were at moderate risk, 139

received LMWH prophylaxis in the postpartum period

only, as dictated by the calculated score. Nineteen

patients had a change in score from < 3 to 3–5 because of

Table 2 Risk stratification according to the Lyon VTE score, therapeutic strategy, venous thromboembolic events that occurred, and complica-

tions.

Lyon VTE score-based strategy

for LMWH prophylaxis

Score < 3: no LMWH in

antepartum and LMWH

in postpartum

Score 3–5: LMWH in the third

trimester and LMWH

in postpartum

Score ≥ 6: early LMWH in

antepartum and LMWH

in postpartum

Number of patients, n = 445

Number of pregnancies, n = 542

158 153 134

Personal history of VTE, no. (%) 36 (22.7) 141 (92) 134 (100)

Thrombophilia, no. (%) 125 (79.1) 102 (66.7) 55 (41)

Prophylaxis with LMWH by score 139 (= 158 � 19) 172 (= 153 + 19) 134

VTE occurred antepartum 1 0 1

VTE occurred postpartum 0 3 1

Bleeding complications 2 0 0

LMWH, low molecular weight heparin; VTE, venous thromboembolism.
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late pregnancy bed rest to prevent preterm delivery. They

therefore received LMWH in the third trimester, joining

the middle group. Thus, there were 172 high-risk patients

who received prophylaxis in the third trimester and post-

partum. The 134 high-risk patients with a score of ≥ 6

were treated during their entire pregnancy.

Eight patients were morbidly obese and therefore

received 60 mg daily of enoxaparin instead of 40 mg daily.

Among 542 pregnancies, there were 430 vaginal deliver-

ies and 112 caesarean sections. The mean birth weight of

the newborns was 3200 g (� 578 g). Patients who under-

went vaginal delivery all received LMWH for 6 weeks

postpartum, and those delivered by caesarean section

received LMWH for 8 weeks postpartum.

Venous thromboembolic events that occurred during the

study (Tables 2–4)

During the 10 years of the study, there were six DVT epi-

sodes. Of these, two (0.37%) occurred during the

566 patients enrolled

467 patients included

445 patients completed
the study and their data

were analyzed

279 patients with a personal
history of VTE (62.7%)

and among them 131 with
inherited thrombophilia

299 patients with inherited
thrombophilia (67.2%)

and among them 168 with
no personal history of VTE

22 patients lost to follow-up

99 patients were excluded:

- 2 women with AT deficiency
- 10 with APL syndrome
- 5 needing life-long anticoagulation
- 51 with thrombophilia and miscarriages
but with no history of VTE
- 29 with thrombophilia and vascular
placental complications
but with no history of VTE

Fig. 1. Patients included in the study. AT, antithrombin; APL, antiphospholipid; VTE, venous thromboembolism.
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antepartum period, including one in the lower-score group

(< 3) and one in the very high risk group (≥ 6; Table 3).

Four (0.73%) events occurred during the postpartum

period, including three in the group with a score of 3–5
and one in the group with a score of ≥ 6 (Table 4).

Thrombotic complications that occurred during pregnancy

Regarding the two events that occurred during the

antepartum period, the first patient was aged 33 years,

with a history of spontaneous PE and a homozygous F2

G20210A mutation (score = 6). She received enoxaparin

40 mg daily from the sixth week of pregnancy and wore

elastic stockings occasionally, but not every day. She pre-

sented with a calf DVT in the 28th week of gestation,

despite daily use of anticoagulant therapy.

The second patient was aged 29 years, was heterozy-

gous for the FV Leiden mutation, and did not have a per-

sonal history of VTE (score of 1). She presented with a

left proximal DVT during a bed rest period in the eighth

Table 3 Venous thromboembolic events occurring during the antepartum period

Patient characteristics Score Prophylactic treatment VTE events Time period

Patient no. 1

Age 33 years

BMI = 26.3 kg m�2

History of spontaneous

pulmonary embolism

Homozygous F2 20210A

6 Enoxaparin 40 mg daily, started at

the sixth week of pregnancy

Calf DVT 28th week of pregnancy, despite

LMWH prophylaxis

Patient no. 2

Age 29 years

BMI = 23.7 kg m�2

No history of VTE

Heterozygous factor V Leiden

1 No LMWH antepartum Proximal DVT Eighth month of pregnancy: after 1 week of bed

rest in the absence of LMWH prophylaxis

BMI, body mass index; DVT, deep vein thrombosis; LMWH, low molecular weight heparin; VTE, venous thromboembolism.

Table 4 Venous thromboembolic events occurring during the postpartum period

Patient characteristics Score Prophylactic treatment VTE events Time period

Patient no. 1

Age 40 years

Morbid obesity, BMI > 37.2 kg m�2

History of spontaneous distal DVT

Heterozygous factor V Leiden

Vaginal delivery

5 Enoxaparin 60 mg daily

during the third trimester and

for 6 weeks postpartum

Distal DVT Seventh week postpartum (1 week

after LMWH withdrawal)

Patient no. 2

Age 33 years

BMI = 22.4 kg m�2

History of spontaneous proximal DVT with

symptomatic sequelae

Heterozygous factor V Leiden

Vaginal delivery

7 Enoxaparin 40 mg daily

throughout pregnancy and

for 6 weeks postpartum

Distal DVT Seventh week postpartum (1 week

after LMWH withdrawal)

Patient no. 3

Age 33 years

BMI = 25.1 kg m�2

History of spontaneous proximal DVT

Protein C deficiency

Active smoker

Vaginal delivery

4 Enoxaparin 40 mg daily and

for 6 weeks postpartum

Pulmonary

embolism

12th week postpartum (6 weeks

after LMWH withdrawal)

Patient no. 4

Age 31 years

BMI = 24.8 kg m�2

History of spontaneous pulmonary embolism

Heterozygous F2 20210A

Active smoker

Vaginal delivery

5 Enoxaparin 40 mg daily

during the third trimester

Ovarian vein

thrombosis

3 days after delivery despite

postpartum LMWH prophylaxis

BMI, body mass index; DVT, deep vein thrombosis; LMWH, low molecular weight heparin; VTE, venous thromboembolism.
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month of pregnancy. The obstetrician did not introduce

preventive LMWH during this time, despite her having a

modified score of > 3.

Thrombotic complications that occurred during the

postpartum period

With regard to events that occurred during the postpar-

tum period, three of them took place after anticoagulant

withdrawal, in patients who received systematic LMWH

during the 6 weeks after delivery. Another patient had an

ovarian vein thrombosis despite LMWH prophylaxis. All

of these women had several risk factors (age, obesity,

thrombophilia, etc.; Table 4).

Bleeding complications

Two (0.37%) patients in the group with a score of < 3

had bleeding: one during delivery, which was not

LMWH-related, as the patient had not received LMWH,

and one possible LMWH-related mild bleed at the fifth

week postpartum while the patient was receiving LMWH

prophylaxis. This bleeding required only early cessation

of the LMWH. No VTE occurred after cessation of the

LMWH.

No case of heparin-induced thrombocytopenia or

symptomatic osteoporosis was diagnosed. Four (0.73%)

patients were intolerant of subcutaneous enoxaparin injec-

tions, and developed urticarial reactions at the injection

sites. Symptoms resolved with discontinuation of enoxa-

parin, and have not returned, despite the introduction of

another LMWH.

Discussion

In view of the lack of international recommendations

with a high level of evidence regarding prophylactic treat-

ment of pregnant women at risk of thrombosis, many

favor personalized care with the use of scores to individu-

ally assess the risk and propose appropriate preventive

measures.

There are currently five published scoring systems for

assessing the antepartum thrombosis risk in pregnant

women. It is extremely difficult to compare the perfor-

mance of these tools, as they are not directed at the same

patient population and do not offer the same therapeutic

approaches.

Two of these risk scores are directed towards the gen-

eral obstetric population [13,14], and aim to stratify preg-

nant women into different risk categories based on the

individual characteristics of pregnant women at an obstet-

ric clinic. (i) The Italian pregnancy healthcare program

includes 22 risk factors for pregnancy-related VTE.

According to this score, patients with a low risk of VTE

undergo clinical observation only, those with a moderate

risk receive above-knee compression stockings, and those

with a high risk receive compression stockings and

LMWH. The Italian score was recently evaluated in 1787

pregnant women. Seventy per cent of patients had clinical

observation, 25% had compression stockings, and 5% of

patients were treated with LMWH and compression

stockings. One superficial vein thrombosis was observed

during the postpartum period in a patient at low risk

[14]. (ii) The Saint-Etienne score results, published in

2008, related to 2690 pregnancies corresponding to a gen-

eral maternity population. Only 305 women had a VTE

score of ≥ 1 and were considered to be at risk of throm-

bosis. Only 1% of the study population had a personal

history of VTE, and 0.7% had thrombophilia. Despite

the low number of patients at risk, the authors observed

nine thrombotic events. The overall rate of thrombotic

events related to pregnancy in this population was 0.33%,

and the rate of bleeding was 1.04%. As this score is for

the general pregnancy population, this could be compared

with the theoretical expected rate of thrombosis during

pregnancy, which is estimated to be 1/1000 [15]. The

thrombosis rate in this study was approximately three

times higher. These data suggest an insufficiently discrimi-

nating character of the score with respect to identifying

patients at risk. Recently, a new version of the Saint-Eti-

enne score was developed with the Delphi method [16],

the results of which are being analyzed.

In contrast to these scores, the German Bauersachs

score [17], the UK Schoenbeck score [18] and the Lyon

VTE score [8,9] are specifically for pregnant women at

risk of thrombosis because of a history of VTE and/or

documented thrombophilia. (i) The results of a prospec-

tive study evaluating the German score [17], including

810 patients, reported promising results in terms of effi-

cacy, but raised questions about safety, as many patients

had serious bleeding (3%). This could partly be explained

by the large number of patients treated for at least

9 months, including 116 at curative doses. (ii) The UK

score was tested in a small group of 58 pregnant women

[18]. No VTE was observed during the study. The authors

reported that the use of the scoring system improved the

consistency of approach when women at high risk of

VTE were advised. The efficacy and safety of this score

need to be evaluated in further large-scale prospective

clinical studies. (iii) The Lyon VTE score aims only to

prevent pregnancy-related VTE for women at high risk of

thrombosis. However, it excludes situations associated

with very high thrombotic risk for which there are clear

international guidelines with a high level of evidence, e.g.

antiphospholipid syndrome [19–22] and antithrombin

deficiency [19–22]. Unlike the Saint-Etienne score and the

German score, the Lyon VTE score does not include mis-

carriages, fetal deaths, and other vascular-placental disor-

ders. Several studies have reported on the key role of

aberrant differentiation of cytotrophoblasts, maternal

inflammatory response and oxidative stress in the patho-

physiology of vascular-placental disorders [23–25]. Even
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though there is a paucity of evidence associated with

obstetric complications and thrombophilia [26], the

pathophysiology of VTE and that of miscarriages and

vascular-placental diseases differ, and these probably

require different management strategies.

Our current results confirm previous data [9], showing a

thrombosis rate during pregnancy of 0.37%, a postpartum

thrombosis rate of 0.73%, and a bleeding rate of 0.37%.

Brill-Edwards et al. [27] reported a recurrence rate of

antepartum VTE of 2.4%, if heparin was withheld, in

women with a single episode of venous thrombosis. Tor-

mene et al. [28] showed that the frequency of VTE was

6.4% for heterozygous carriers and 16.7% for homozygous

carriers of the FV Leiden mutation during pregnancy.

Taken together, these results suggest that the score-based

management approach developed by our group might be

interesting for pregnancies at high risk of VTE.

Among the 445 patients managed by use of the Lyon

VTE score, two venous thromboses of the lower extremi-

ties occurred during pregnancy. The first was in an

asymptomatic patient with a heterozygous FV Leiden

mutation who was classified as low risk (score of < 3).

The patient had late pregnancy bed rest without prescrip-

tion of LMWH, and the thrombotic accident occurred

after 1 week of bed rest. We note that, in our series, 19

patients had a score change during pregnancy with the

early introduction of LMWH treatment, imposed mostly

because of bed rest to reduce the risk of premature deliv-

ery. These results suggest the importance of clinical moni-

toring during pregnancy and the need to adapt the

strategy to changing risk factors.

The second patient had a distal DVT in late pregnancy

when she was already taking prophylactic LMWH; she

had been followed since the beginning of pregnancy, as

she had a high thrombotic risk (score of > 6). It is be

worth noting that the patient preferred not to wear elastic

stockings, because of discomfort.

No cases of PE or CVT occurred during the 10 years

of the study.

The three scores and international recommendations

emphasize the importance of treating all women at risk for

at least 6 weeks postpartum [29]. However, despite system-

atic prevention during this period, thrombotic events still

occurred, especially after anticoagulant therapy had been

stopped. In our study, four DVTs occurred during the

postpartum period. These results suggest that prevention

for 6 weeks is probably not enough for the entire popula-

tion at risk, so individualized care should be considered.

The Swedish score [30] is the only one to date that evalu-

ates the postpartum-related risk of VTE and offers cus-

tomizable postpartum prophylaxis. More recently,

Jacobsen et al. [31,32] determined the thrombotic risk fac-

tors associated with the postpartum period. On the basis of

major risk factors reported in the literature, a postpartum

score may be developed to personalize the duration of

thromboprophylaxis during this time of very high risk.

Femoral vein flow velocity is significantly greater in

pregnant women with compression than in those without

[33]. All patients included in the study received compre-

hensive information on the use of elastic stockings, and

were encouraged to wear them throughout pregnancy.

This may help to reduce venous stasis and, in turn, the

number of patients requiring LMWH during pregnancy,

as, in our series, only 30% of women at risk received

LMWH throughout pregnancy and the incidence of

thrombotic complications was not greater than in other

published studies. This may also help to reduce the inci-

dence of LMWH-related bleeding complications, which

was lower in our study than in the German and Saint-Eti-

enne studies.

The personalized care according to the Lyon VTE score

is in line with international recommendations [11,12,22].

However, the major difference between the recommenda-

tions and our score-based approach is the possibility of

introducing LMWH in the last trimester of pregnancy in

women with a moderate risk (score of 3–5). Our patients

in this group wear elastic compression stockings from the

beginning of the pregnancy, and LMWH is introduced

early in the seventh month. Our results show no throm-

bosis in this group. The thrombotic risk exists throughout

pregnancy, with a steady increase in rate during the third

trimester and postpartum [4,5,7]. The risk of fatal PE also

increases significantly during the third trimester and post-

partum [4]. In patients with a moderate risk (score of 3–
5), our strategy is to start prophylaxis with elastic stock-

ings and physical activity, and introduce LMWH treat-

ment in late pregnancy. This approach might help to

explain the low incidence of bleeding observed in the

Lyon series as compared with other scores.

Although there were 445 women at risk of thrombosis

in this study, the numbers appear low if we consider the

absolute risk of thrombosis. This risk is estimated to be

1/400 in patients with the FV Leiden mutation, the most

common thrombophilia. Another major limitation of this

study was the lack of specific data on pregnancy regard-

ing the score items. Indeed, in this population, there are

no data comparing the risk of thrombotic recurrence

according to location and the severity of the first throm-

bosis. Thus, the score was built according to data from

the general population.

Each of the published scores has its limitations, and no

score is appropriate for all patients. Nevertheless, this

type of tool allows a standardized approach with objec-

tive criteria, and can help non-specialized centers and/or

young doctors to manage these high-risk pregnancies.

Our data emphasize the need for individualization of

antithrombotic prophylaxis during the puerperium to help

prevent the majority of thromboses that can occur during

this period. One hundred and fifty-eight women with a

score of < 3 were spared 9 months of LMWH prophy-

laxis and 153 others with a score of 3–5 were spared

6 months of LMWH prophylaxis, respectively, with

© 2017 International Society on Thrombosis and Haemostasis

904 Y. Dargaud et al



0.37% of antepartum-related VTEs and 0.37% of bleeds.

The results suggest the efficacy and safety of treatment

provided by use of the Lyon VTE score. The use of such

tools offers the prospect of personalized medicine, which

is more effective and probably more cost-efficient than

‘inclusive, equal treatment for all’. This last point, as well

as the value of individualization of care in the postpartum

period, needs to be confirmed in future studies.
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