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abstract

the incidence of venous thromboembolism (Vte) is two-fold higher in women than in 
men during reproductive age, which is likely explained by the use of hormonal contra-
ceptives and by pregnancy in this phase of life. after adjustment for these factors, men 
have a two-fold higher risk of developing a first Vte compared with women, which is 
in line with earlier observations that men have a two-fold higher risk of recurrent Vte. 
these findings indicate that the intrinsic risk of Vte is higher in men than in women. 
Hormonal contraceptives increase the risk of Vte and the risk varies per type, dose, and 
administration route. in women with a high baseline risk of Vte, avoidance of some 
hormonal contraceptives should be considered, as well as thrombosis prophylaxis 
during pregnancy. presence of hereditary thrombophilia increases the risk of a first 
Vte episode. this review focuses on the differences in risk of Vte between men and 
women, hormonal risk factors for women, and how these interact with common types 
of hereditary thrombophilia.
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sex and the epidemiology of vte

Venous thromboembolism (Vte) is a frequently occurring disease with an incidence of 
a first episode of 1–2 per 1,000 person-years (p.y.). the risk of developing Vte is relatively 
low for younger people (incidence 0.3 per 1,000 p.y. for individuals aged 20–44 years) 
but increases exponentially with age to 6.4 per 1,000 p.y. in individuals 80 years or older 
(1). in about half of all cases, Vte is associated with a clinical risk factor such as surgery, 
trauma, immobility, active cancer, use of hormonal contraceptives, pregnancy and the 
puerperium. in the remaining 50 % of patients no such clinical risk factor is present and 
these episodes are referred to as unprovoked. in individuals between 20 and 44 years 
of age the incidence of Vte in women is about twice as high as the incidence rate in 
men, which is likely explained by the use of hormonal contraceptives and by pregnancy 
during this phase of life (1). oral hormonal contraceptive use as a risk factor for Vte 
is present in about 1 in 2–4 women in cohorts that also included postmenopausal 
women (2,3). in a recent case-control study it was elegantly shown that after adjust-
ment of reproductive risk factors, the risk of a first Vte is in fact twice as high in men as 
in women (odds ratio 2.1; 95 %Ci 1.9 – 2.4). this indicates that the intrinsic risk of Vte 
is higher in men than in women (4). it also reemphasizes the potential to reduce Vte 
on a population level, by prudent prescribing of hormonal contraception and targeted 
thrombosis prophylaxis in pregnant women at an increased risk of developing Vte.

after a first episode of Vte the risk of recurrence is highly dependent on the circum-
stances at the time of first Vte. the risk is lowest for postoperative Vte (0.7 % per 100 p.y. 
during the first two years) and higher after Vte provoked by a non-surgical temporary 
risk factor including pregnancy and use of hormonal contraceptives (HC) (4.2 % per 100 
p.y. for the first two years) (5). after unprovoked Vte the risk of recurrence is estimated 
to be as high as 20 % in the first two years, thereafter declining to an annual risk of 
recurrence of 5 % (5–10). interestingly, the risk of recurrent Vte is about twice as high 
for men compared with women. this was first described in 2004 and later confirmed 
by several studies (11–13). the exact mechanism explaining this phenomenon has not 
yet been elucidated. it may reflect a higher intrinsic risk of Vte in men compared with 
women as also seems the case for first episodes of Vte (4). alternatively, it has often 
been suggested that the lower recurrence risk in women could be explained by further 
avoidance of hormonal risk factors. Many first Vte events in women are associated with 
oral HC, pregnancy or the puerperium and the risk of recurrence in women is likely 
lowered by discouraging further oral HC use and by the use of thrombosis prophylaxis 
during and after subsequent pregnancies. inclusion of these women in comparisons 
between recurrence risk of women and men will therefore introduce bias. However, 
even population based studies that compared men with women who had their first 
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Vte unrelated to oral HC, pregnancy or the puerperium, showed a 2-fold higher risk of 
recurrence in men (2,8,12).

Besides exogenous risk factors there is a clear familial predisposition for Vte, which 
is in part explained by hereditary abnormalities in the coagulation cascade, commonly 
referred to as thrombophilia. the implications of having a type of hereditary thrombo-
philia, and indications for testing for the presence of these defects, remain subject of 
debate.

in this review we will focus on Vte risk factors for women, and how these interact 
with common types of hereditary thrombophilia.

hormonal contraception and venous thromboembolism

in the 1960s combined oral HC, containing both an estrogen and a progestogen, was 
introduced as a promising new way to prevent unplanned pregnancy. since then oral 
HC, also referred to as “the pill”, has been a remarkable and lasting success. it is esti-
mated that over 100 million women worldwide currently use oral HC (14). apart from 
birth control, modern contraceptives afford various non-contraceptive benefits, rang-
ing from regulation of menstrual disorders (such as menorrhagia and dysmenorrhea) to 
improvement of acne and hirsutism. in addition, in lower doses it can be used as hor-
mone replacement therapy for women with perimenopausal complaints. Combined 
oral HC are the most frequently prescribed contraceptives, but several alternatives are 
available such as progestogen-only pills and non-oral HC including hormone releasing 
intrauterine devices (iuDs), injectables, subcutaneous implants, vaginal rings and skin 
patches.

the possibility that the use of oral HC may cause Vte was raised shortly after its intro-
duction by a case report of a 40-year old woman who developed pulmonary embolism 
(pe) a few weeks after having started a combination of norethynodrel and mestranol 
for treatment of endometriosis (15). in the following years many hundreds of similar 
case reports were published. nowadays, a body of evidence underlines the association 
between HC and Vte.

Most currently available oral HC are preparations containing both an estrogen (i.e. 
ethinylestradiol) as well as a progestogen. there are numerous types of oral HC avail-
able, containing different doses of estrogen and different types of progestogens. the 
earliest preparations contained 150 μg of estrogen. as the reported increased Vte-risk 
associated with combined oral HC was attributed to the amount of estrogen, the dose 
has been reduced gradually over the past 50 years. it was lowered to 50 μg in the 1960s 
and to 30 μg and 20 μg in the 1970s. the lowering from 50 μg and higher dosages 
to 30 μg indeed reduced the Vte- risk by 30 to 50 % (16–18). a further reduction of 
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the estrogen dose to 20 μg was shown to be associated with an additional 18–20 % 
reduction in Vte risk (17,19).

although the estrogens in combined oral HC seem to be most responsible for the 
Vte risk, the progestogens in combined oral HC modulate the prothrombotic effect 
of estrogens. Based on the type of progestogen a combined oral HC contains, a clas-
sification can be made into first, second and third generation contraceptives. the 
classification does not cover preparations containing drospirenone or cyproterone 
acetate and therefore these are referred to as ‘other combined oral HC’. progestogen-
only preparations are also available and, in higher doses, these carry an increased risk 
of Vte as well (20,21).

Pathophysiology of increased VTE risk with hormonal contraceptive use
the use of HC increases levels of coagulation factors ii, Vii, Viii and X (22). furthermore, 
its use leads to decreased levels of the natural anticoagulants protein s and anti-
thrombin (23), and increased resistance to activated protein C (apC) which is in part 
explained by the decrease of free protein s and free tissue factor pathway inhibitor 
(tfpi) (24,25). in addition, a decrease of fibrinolytic activity is present during HC use, 
mainly through an increase of thrombin-activatable fibrinolysis inhibitor (tafi) (26). 
therefore, use of HC leads to a procoagulant risk profile through various mechanisms. 
in line with the observed differences in the risk of Vte with different progestogens 
(which will be addressed in the ‘oral contraceptives’ section) a more pronounced apC 
resistance was found in users of third generation contraceptives (27,28) as well as in 
users of drospirenone and cyproterone acetate (29) compared with users of second 
generation contraceptives. this implies that coagulation markers may be a valid sur-
rogate endpoint if studies with clinical endpoints are not available.

Oral hormonal contraceptives
several large studies have shown that currently used combined oral HC increase the 
risk of Vte 2- to 6-fold (17,19,30–32). the risk is highest in the first three months of use, 
with an estimated odds ratio (or) of 12.6, and this risk remains 5-fold increased after 
one year (17). Despite the low baseline incidence of Vte in women of reproductive 
age, the effect of oral HC on Vte in the population is large, considering that many 
women worldwide use oral HC. in the following paragraphs we provide an overview of 
the risk increase associated with all types of oral HC. the overview is mainly based on 
results from large case-control studies (17,33), a large cohort study (34) and a recent 
systematic review and network meta-analysis (35). the latter provides somewhat lower 
risk estimates compared with the other studies, in particular for third generation oral 
HC and oral HC containing cyproterone acetate and drospirenone. interestingly, in the 
sensitivity analysis sources of bias were explored, showing lower risk estimates in indus-



Chapter 2

20

try-sponsored studies, case-control studies and studies without objectively confirmed 
Vte. thus, the presented risk estimates in this meta-analysis may be an underestimation 
and should be interpreted with caution. the associated estimated relative and absolute 
risks are also shown in table 2.1.

table 2.1. estimates of relative and absolute risk of Vte in women without previous Vte for differ-
ent types of hormonal contraceptives and hormone replacement therapy.

estimated rr 
(95 % ci)

observed or estimated ¶  
absolute incidence  

(#/10.000 person years)

HORMONAL CONTRACEPTIVES

Strong risk increase (RR 4–8)

oral ethinylestradiol / desogestrel

•	 With	30–40	µg	ethinylestradiol	 4.21 (3.63 – 4.87) 11.8 

oral ethinylestradiol / gestodene

•	 With	30–40	µg	ethinylestradiol	 4.23 (3.87 – 4.63) 11.0 

oral ethinylestradiol / drospirenone

•	 With	30–40µg	ethinylestradiol	 4.47 (3.91 – 5.11) 9.3 

•	 With	20	µg	ethinylestradiol	 4.84 (3.19 – 7.33) 10.0 

oral ethinylestradiol / cyproterone

•	 With	30–40	µg	ethinylestradiol	 4.10 (3.37 – 4.99) 9.0 

transdermal ethinylestradiol / norelgestromin 7.90 (3.54 – 17.65) 9.71

oral progesterone only, high dose (5–40mg) ¶ 5.3 (1.5 – 18.7) 16 ¶

Vaginal ring: ethinylestradiol / etonogestrel 6.48 (4.69 – 8.94) 7.75

Moderate risk increase (RR 1.5–4)

oral ethinylestradiol / desogestrel

•	 With	20	µg	ethinylestradiol	 3.26 (2.88 – 3.69) 6.8 

oral ethinylestradiol / gestodene

•	 With	20	µg	ethinylestradiol	 3.50 (3.09 – 3.97) 6.8 

oral ethinylestradiol / levonorgestrel

•	 Phasic	 2.28 (1.85 – 2.83) 8.4 

•	 Combined	 2.19 (1.74 – 2.75) 7.5 

oral ethinylestradiol / norgestimate * 2.56 (2.18 – 3.01) 6.2

oral ethinylestradiol / norethisterone ¶ 3.9 (1.4 – 10.6) 12 ¶

injectable depot medroxyprogesterone ¶ 3.6 (1.8 – 7.1) 11 ¶

No risk increase

subcutaneous implant etonogestrel 1.40 (0.58 – 3.38) 1.70

levonorgestrel releasing iuD 0.57 (0.41 – 0.81) 1.38

•	 Progestogen	only,	low	dose

•	 Norethisterone	 0.56 (0.29 – 1.07) 2.1 

•	 Desogestrel	 0.64 (0.29 – 1.42) 2.0 
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Combined oral hormonal contraceptives
the first available types of progestogens were lynestrenol and norethisterone. these 
so-called first generation progestogens are not used very often nowadays. Compared 
with non-users, the relative risk of Vte in users of oral HC with a first generation pro-
gestogen was found to be increased 2- to 5-fold (35). second generation progestogens 
include levonorgestrel and norgestrel. Combined oral HC containing these types of 
progestogen are the ones most prescribed worldwide. they carry the lowest, 2- to 
4-fold risk increase of Vte compared with non-users (17,34,35). Gestodene, desogestrel 
and norgestimate comprise the third-generation progestogens, although sometimes 
norgestimate is categorized as a second generation progestogen. use of third gen-
eration combined oral HC carries a 3- to 8-fold increased risk of Vte as compared with 
non-use, which is consistently higher than during use of a second generation oral HC 
(17,34–36).

Cyproterone acetate is a progestogen that has been on the market since 1988. 
Besides its contraceptive effects it has an anti-androgenic effect, and therefore 
preparations containing this progestogen are often prescribed for treatment of acne 
vulgaris, seborrhea, or mild idiopathic hirsutism. preparations containing drospirenone, 
an anti-mineralocorticoid, were heavily marketed, arguing that these pills would have 

table 2.1. estimates of relative and absolute risk of Vte in women without previous Vte for different 
types of hormonal contraceptives and hormone replacement therapy. (continued)

estimated rr 
(95 % ci)

observed or estimated ¶  
absolute incidence  

(#/10.000 person years)

HORMONE REPLACEMENT THERAPY

Modest risk increase (RR 1.5 – 3.0)

oral combined estrogen/progestogen ¶ 2.6 ( 2.0 – 3.2) 1.5 ¶

oral estrogen only ¶ 2.2 (1.6 – 3.0) 1.3 ¶

No risk increase

transdermal (combined estrogen/ 
progestogen and estrogen only) ¶

1.2 (0.9 – 1.7) 0.7 ¶

tibolone ¶ 0.9 (0.8 – 1.1) 0.5 ¶

95Ci: 95 % Confidence interval. rr: risk ratio.
Data in this table are mainly derived from observational studies (34,43).
¶ Where no data from observational studies are available, data from case-control studies (17,20,67) 
were used and estimates of the absolute Vte risk were obtained by multiplying rr with baseline 
incidence of venous thromboembolism of 3.1 / 10,000 person years for women aged 15–54 for 
hormonal contraception, and of 5.8 / 10,000 person years for women aged 45–59 for hormone 
replacement therapy (34).
* studies assessing the Vte risk associated with this type of hormonal contraceptive have shown 
conflicting results.
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less side effects compared with the older contraceptives such as bloating and mood 
swings. they have been available since 2000. Cyproterone acetate and drospirenone 
containing oral HC are associated with a 6- to 7-fold increased risk of Vte compared 
with non-users (17,34,35).

in april 2013 the french health regulator agence nationale de sécurité du Médica-
ment et des produits de santé (ansM) decided to withdraw the combined oral HC 
Diane-35, containing 2 mg cyproterone acetate and 35 μg ethinylestradiol after several 
reports of women who had experienced Vte or an ischemic stroke while using this oral 
HC (37). although the increased Vte risk associated with the use of cyproterone acetate 
was already well established, civic law suits by women with thrombosis have led to 
increased media attention emphasizing the thrombosis risk of oral HC, in particular 
third generation combined oral HC, cyproterone acetate and drospirenone.

according to a recent report of the european Medicines agency (eMa), the benefits 
of the Diane-35 may outweigh the risks of Vte in the treatment of moderate to severe 
acne related to androgen-sensitivity (with or without seborrhea) and/or hirsutism in 
women of reproductive age, if other therapies have failed (38). in all other cases, a 
second generation oral HC with the lowest possible dose of ethinylestradiol should 
be prescribed, and prescription of third generation oral HC, cyproterone acetate or 
drospirenone should be discouraged.

Progestogen-only oral hormonal contraceptives
preparations containing only a high dose of progestogen are used for therapeutic 
indications such as menstrual disorders and are associated with a 5-fold increased risk 
of Vte (20,21). the so-called mini-pill, which contains a low dose progestogen only is 
primarily used for contraceptive reasons and does not seem to be associated with an 
increased risk of Vte (19,20). Disadvantages include the need of careful compliance and 
the disruption of normal menstrual patterns, including irregular bleeding, short or long 
cycles, bleeding and spotting, prolonged bleeding, or no bleeding at all. (39).

Non-oral contraceptives
Compared with oral HC, the risk of Vte with the use of non-oral HC is less well studied. 
in this section we provide an overview of the available information on the risk of Vte 
associated with hormone releasing iuDs, injectables, subcutaneous implants, vaginal 
rings and skin patches. the associated estimated relative and absolute risks are shown 
in table 2.2.

iuDs are among the safest and most effective methods of contraception available. 
these devices are t-shaped, made of plastic and release either copper or a progestogen, 
thereby exerting a long-acting reversible contraceptive effect. iuDs were introduced in 
the usa in the mid-1960s. initially the iuD was a big success, as by the early 1970s 
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approximately 10 % of all women in the usa were using this contraceptive method. in 
the mid-1970s however, the most popular model of plastic iuD in the usa was linked to 
pelvic inflammatory disease (piD) and subsequent infertility, leading to its withdrawal 
from the us market (40). after that time new and better designed models were intro-
duced. the levonorgestrel-releasing iuD was introduced in 2001. although the iuD has 
not yet fully recovered its status as a safe contraceptive in the usa, it has become a 
very popular contraceptive option in other parts of the world. the levonorgestrel-iuD 
is now used by over 50 % of women using contraception in China (41) and by 6–27 % 
of female contraceptive users in different parts of europe (40). it releases 10 to 20 mcg 
levonorgestrel per day and dispends its hormones mostly direct to the uterus, lead-
ing to lower blood levels compared with the levels seen in patients using a 30 mcg 
levonorgestrel-pill (150–200 pg/ml versus 800 pg/ml) (42). the levonorgestrel-iuD was 
not associated with an increased risk of Vte in several studies (33,34,43).

Depot medroxyprogesterone acetate (DMpa) is an injectable progestogen-only 
contraceptive that is administered intramuscularly or subcutaneously once every 12 
weeks. it was approved by the fDa in the usa in 1992 for contraceptive use. early on it 
was suggested that DMpa increased the risk of Vte, although the observed risk increase 
did not reach statistical significance (14). in 2010 however, a clearly increased risk of Vte 
was found to be associated with these contraceptives with an almost 4-fold increased 
risk of Vte compared with non-users (33).

the etonogestrel-containing implant is inserted under the skin and delivers a dose 
varying from 60–70 mcg per day in the first weeks of use to 25–30 mcg per day after 
three years. etonogestrel is an active metabolite of the third-generation progestogen 

table 2.2. prevalence of hereditary thrombophilia and relative risk estimates for various clinical 
manifestations.

antithrombin 
deficiency

protein c 
deficiency

protein s 
deficiency

Factor v 
leiden

prothrombin 
20210a 

mutation

prevalence in the 
 general population

0.02 % 0.2 % 0.03 – 0.13 % 3 – 7 % 0.7 – 4 %

relative risk for a first  
venous thrombosis

5 – 10 4 – 6.5 1 – 10 3 – 5 2 – 3

relative risk for recurrent  
venous thrombosis

1.9 – 2.6 1.4 – 1.8 1.0 – 1.4 1.4 1.4

relative risk for  
arterial thrombosis

no association no consistent 
association

no consistent 
association

1.3 0.9

relative risk for  
pregnancy complications

1.3 – 3.6 1.3 – 3.6 1.3 – 3.6 1.0 – 2.6 0.9 – 1.3

figures are derived from studies that are reviewed in detail elsewhere (97).
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desogestrel. Very little is known about the Vte risk associated with etonogestrel. no 
prothrombotic changes occurred with the etonogestrel-releasing implant, thus provid-
ing some indirect evidence that there may not be an increased Vte-risk (44). a recent 
epidemiological study found no clearly increased risk of Vte with subcutaneous im-
plants with a relative risk of 1.4 (95 %Ci 0.6–3.4) compared with non-users of hormonal 
contraception (43).

patches delivering HC transdermally are uninfluenced by the first pass metabolism 
in the gut wall and the liver. they contain 15–20 mcg of the estrogen ethinylestradiol 
per day and furthermore contain norelgestromin, the primary active metabolite of the 
third-generation progestogen norgestimate. several studies compared the transder-
mal patch to oral HC containing norgestimate showing a similar to 2-fold increased 
risk (43,45–48). a recent population-based cohort study showed a relative risk of Vte 
in users of transdermal combined contraceptive patches of 7.9 (95 %Ci 3.5 to 17.7) 
compared with non-users of HC (43). these observations are in line with higher apC 
resistance in patients using the transdermal patch (49–52).

the vaginal ring delivers 15 mcg of ethinylestradiol per day, and also contains 
etonogestrel, a metabolite of the third-generation progestogen desogestrel. a recent 
cohort study showed that using a vaginal ring for contraception increased the risk for 
Vte 6.5-fold (95 %Ci 4.7 to 8.9) compared with non-users of HC of the same age, and 
had a relative risk of 1.9 (95 %Ci 1.3 to 2.7) compared with users of combined oral HC 
containing levonorgestrel (43). Conversely, another study did not find any statistically 
significant associations of the vaginal ring with Vte risk compared with low-dose es-
trogen containing HC (48). few studies have looked at coagulation marker levels in 
women with a vaginal ring, and these have shown conflicting results as well (42,49,53).

Risk of VTE recurrence with the use of oral hormonal contraceptives
in a small follow-up study, women who used oral HC after a first Vte had a non-significant 
2- to 3-fold increased risk of recurrence compared with women who had not used oral 
HC after their first Vte, regardless of whether the first Vte was provoked by oral HC use 
(54). after a first Vte associated with combined oral HC use, further use of combined 
oral HC is discouraged and it is strongly advised to switch to an alternative type of 
contraception (55,56). However, whether occurrence of Vte in a woman using contra-
ceptives should be classified as either “unprovoked” or “provoked” remains somewhat 
controversial. Compared with women with an unprovoked Vte, the estimated relative 
risk of recurrence in women with a first Vte associated with oral HC use ranges from 0.3 
to 1.2 (6,11,54,57,58). it should be noted however that in many studies that investigated 
the clinical course of Vte, classification between unprovoked and provoked Vte varies, 
and use of oral HC was not always systematically registered.
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hormone replacement therapy and venous thromboembolism

Hormone replacement therapy (Hrt) includes solely estrogen or estrogen combined 
with a progestogen, and is available in various forms. the oral estrogen is either a conju-
gated equine estrogen (extracted from horse urine) or an esterified, synthetic estrogen 
(derived from soybean or wild Mexican yam). the estrogen dose usually comprises 1–2 
milligrams of estradiol. it can be administered orally, vaginally, intra-nasally or as an 
implant, injection, skin patch, cream or gel. the progestogens used for Hrt include 
synthetic derivates of progesterone, synthetic derivations of testosterone, and natural 
progesterones derived from plants. in combined Hrt, progestogen can be taken either 
every day (continuous combined Hrt), cyclically with estrogens taken daily and pro-
gestogens taken for part of the month (sequentially combined Hrt) or less frequently. 
nowadays Hrt is mainly restricted to women in the menopause with severe climacteric 
symptoms such as flushes and perspiration.

Hormone therapy to substitute estrogen deficiency has for many years been believed 
to prevent atherosclerosis and death from cardiovascular disease (CVD); this belief was 
based on several observational studies performed since the early 1980’s (59), and was 
the main reason to prescribe hormones to postmenopausal women at that time. in the 
late 1990’s it became clear through large randomized controlled trials that hormone 
therapy in fact did not prevent arterial cardiovascular disease and even was associated 
with an excess risk of CVD in the first year of use (60–62). furthermore, Hrt is also 
associated with increased risks of breast and endometrial cancer (63,64).

in most of the earlier studies a higher Vte risk had already been observed with the 
use of Hrt (59). Both observational studies and randomized controlled trials have con-
sistently shown a 2- to 3-fold increased risk of Vte in women using oral Hrt compared 
with non-users (60,65–68), which is comparable to the risk increase in users of second 
generation combined oral HC. the use of transdermal Hrt does not seem to increase 
Vte risk; a pooled risk estimate for first Vte of 1.2 (95 %Ci 0.9 – 1.7) was calculated from 
four observational studies in a meta-analysis (67). no randomized clinical trials have 
been performed regarding this route of Hrt administration. tibolone, a synthetic 
steroid with estrogenic, progestogenic and androgenic properties, has not been as-
sociated with an increased Vte risk in several studies (66,69–71).

in women aged 15–44 the baseline incidence of Vte is lower than in women aged 
45–49; the risk increases from 3.1 per 10,000 p.y. to 5.8 per 1,000 p.y (34). as women us-
ing Hrt generally are older than women using hormonal contraceptives, it is important 
to realize that the absolute risk increase in women using Hrt may be higher than for 
oral HC.
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Risk of recurrence of VTE with the use of HRT
use of Hrt increases the risk of recurrent Vte. a randomized controlled trial demon-
strated an approximately 4-fold increased risk of recurrence in women with a history of 
Vte who were using Hrt compared with women receiving a placebo, with an absolute 
cumulative incidence of recurrent Vte of 10.7 % and 2.3 %, respectively, and the trial was 
terminated prematurely because of these findings (72).

pregnancy and venous thromboembolism

one to two in 1,000 pregnancies is complicated by Vte, which is an important cause of 
short- and long-term maternal morbidity (73,74). pulmonary embolism is the leading 
cause of maternal death in western countries (75). Compared with non-pregnant wom-
en of the same age, pregnant women have a 4- to 5-fold increased risk of developing 
Vte. the absolute risk of developing Vte is similar for the antepartum and postpartum 
period, but as the antepartum period is much longer than the postpartum period, the 
daily absolute Vte risk is highest postpartum (76,77). the Vte risk remains high up to 6 
weeks postpartum, after which event rates sharply decrease (78).

several factors contribute to the risk of pregnancy-related Vte (79). a history of Vte, 
higher age, lower socioeconomic status and antenatal hemorrhage all increase the risk 
of both antepartum and postpartum Vte (80). postpartum Vte occurs more often in 
women with preeclampsia, postpartum hemorrhage and after cesarean section, espe-
cially after emergency cesarean section (80,81). furthermore, known risk factors for Vte 
in the general population such as immobilization and obesity may increase the risk of 
pregnancy-related Vte as well.

Pathophysiology of increased VTE risk during pregnancy
there are several hemostatic alterations during pregnancy and the postpartum period 
that lead to a hypercoagulable state. these changes probably reflect evolutionary 
changes that protect the woman for excessive bleeding during delivery. all elements of 
the Virchow’s triad, i.e. hypercoagulability, venous stasis and vascular damage, are more 
or less present during pregnancy and the postpartum period. first, hypercoagulability 
is demonstrated by the fact that pregnant women have higher levels of fibrinogen, 
factor Viii, Von Willebrand factor, D-dimer, prothrombin fragment f1+2 and thrombin-
antithrombin complexes. furthermore, natural anticoagulant activity is decreased, as 
reflected by reduced levels of protein s and an inherent acquired protein C resistance. 
fibrinolytic activity is decreased because of an increase in plasminogen activator inhibi-
tor (pai) 1 and 2 activity and a decrease in tissue plasminogen activator (tpa) (figure 2.1) 
(82). second, venous stasis is promoted by hormone-mediated venous distension and 
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increased vascular volume, while venous return is reduced as a consequence of the 
pregnant uterus compressing the inferior vena cava and iliac veins. third, vascular dam-
age is induced by delivery, especially in the case of forceps or vacuum extraction and 
caesarean section.

thrombophilia and venous thromboembolism

a familial tendency for developing Vte was first described in 1956 (83). investigation 
of candidate coagulation proteins or genes in families with a high incidence of Vte led 
to the first description of a genetic abnormality in 1965, when egeberg identified a de-
ficiency of the physiological anticoagulant antithrombin in a family from norway (84). 
in the past half century various other common genetic variants that increase the risk 
of Vte have been identified, including deficiencies of protein s and C, and the gain of 
function mutations factor V leiden and prothrombin 20210a (85–96). these prothrom-
botic variations in the coagulation cascade are commonly referred to as thrombophilia. 

Figure 2.1. Qualitative levels and hemostatic direction of hormone changes during normal preg-
nancy.
apC: activated protein C; VWf:ag: von Willebrand factor antigen.
adapted with permission from Barco et al (82).
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nowadays, some form of thrombophilia can be identified in about half of all patients 
with unprovoked Vte. the role of thrombophilia was subsequently studied in different 
clinical settings, including arterial thrombosis and adverse pregnancy outcomes such 
as (recurrent) pregnancy loss and preeclampsia (table 2.2).

thrombophilia is consistently associated with a relative risk of 2 to 10 of developing 
a first Vte (97). this relative risk combined with a high prevalence of thrombophilia in 
patients with Vte has inspired widespread testing for thrombophilia (98), yet the de-
bate continues if and how presence or absence of thrombophilia should alter patient 
management. in contrast with the increased risk of developing a first Vte, presence 
of thrombophilia does not identify patients at a clearly increased risk of recurrent Vte 
(99). this phenomenon, for which several explanations are proposed, is referred to as 
the “thrombophilia paradox” (100). Hence, patients with a first Vte and thrombophilia 
should not be treated differently from patients with a first Vte without thrombophilia, 
and testing for thrombophilia in order to modify the risk of a recurrent Vte therefore 
is not justified for therapeutic purposes. However, testing in these patients can help 
to identify asymptomatic family members with thrombophilia who may benefit from 
preventive measures. in a survey among Dutch physicians that ordered thrombophilia 
tests, 42 % of tests were ordered in patients with Vte (98). in the same survey, 16 % of 
tested individuals were asymptomatic and had a positive family history of Vte. as will 
be discussed in the following paragraphs, in the presence of certain types of throm-
bophilia, avoidance of certain HC can be considered as well as thrombosis prophylaxis 
during pregnancy and/or postpartum. More vigorous thrombosis prophylaxis for car-
riers of thrombophilia in other settings such as surgery or plaster cast immobilization 
has not been studied. although widespread testing helps to identify patients at risk, the 
costs of testing every patient with Vte for thrombophilia would be substantial.

clinical implications for women with a high baseline risk of vte, 
regarding hormonal contraceptives and hormone replacement 
therapy

for women with a positive family history of Vte, hereditary thrombophilia, or both, in 
some cases avoidance of HC or Hrt should be considered. although a positive family 
history of Vte in itself is a very poor predictor of the presence of thrombophilia (101), 
having a first degree relative with Vte increases the risk of developing Vte 2-fold, ir-
respective of the presence of thrombophilia. the risk rises up to 3-fold if familial Vte 
occurred before the age of 50 and up to 4-fold if multiple first degree family members 
have had Vte (102). this probably reflects a familial thrombotic tendency in which yet 
unknown types of thrombophilia have co-segregated.
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the annual incidence of a first Vte, provoked and unprovoked combined, in men 
and women who have a first degree relative with Vte and a deficiency of antithrombin, 
protein C or protein s is around 1.5 %, and this risk is approximately 0.5 % in carriers of 
the factor V leiden or prothrombin 20210a mutation (103–105). also, the risk clearly 
increases with age (106). During oral HC use, Vte risk in asymptomatic women with 
antithrombin, protein C or protein s deficiency is 4.3 % per year of its use, whereas in 
women who carry the factor V leiden and the prothrombin 20210a mutation the risk 
during oral HC is 0.5 % and 0.2 % per year respectively (106–108).

for women with a positive family history of Vte and hereditary thrombophilia, one 
can estimate the effect of avoiding oral HC in order to prevent Vte (table 2.3). to avoid 
one Vte event in patients with antithrombin, protein C or protein s deficiency and a 
positive family history for Vte, 28 women would need to refrain from oral HC. to identify 
these women, 56 female relatives would need to be tested. as for factor V leiden or 
the prothrombin 20210a mutation, 333 women would need to avoid oral HC and 666 

table 2.3. estimated number of asymptomatic thrombophilic women or women with a positive 
family history for Vte who should avoid using oral hormonal contraceptives to prevent one Vte, 
and estimated number needed to test.

thrombophilia
vte risk on oral hc

(% per year)

risk difference 
per 100 
women

number not 
taking oral hc to 
prevent one vte

number 
of female 

relatives to be 
tested

Antithrombin, protein C, 
or protein S deficiency

Deficient relatives 4.3* 3.6 28 56

non-deficient relatives 0.7*

Factor V Leiden or 
prothrombin 20210A 
mutation

relatives with the 
mutation

0.5* 0.3 333 666

relatives without the 
mutation

0.2*

Family history of VTE

General population, no 
family history

0.04# 0.03 3333 none

General population, 
positive family history

0.08# 0.06 1667 none

* Based on family studies as outlined in table 2.1.
# Based on a population baseline risk of Vte in young women 1.00 / 1,000 person years (1), a relative 
risk of Vte by use oral contraceptives of 4 (17), and a relative risk of 2 of Vte by having a positive 
family history (141).
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female relatives would need to be tested. finally, 3333 women with a positive family 
history of Vte would need to refrain from oral HC in order to prevent one Vte.

in conclusion, in asymptomatic women with a positive family history of Vte, it may be 
useful to test for thrombophilia if this woman intends to use HC or Hrt, as testing posi-
tive for antithrombin, protein C or protein s deficiency may warrant the avoidance of 
these preparations in order to prevent Vte episodes. on the other hand, the risk of HC 
related Vte in women from families with known deficiencies of a natural anticoagulant 
is higher than in pill users from the general population, even if they do not carry the 
thrombophilic defect. avoidance of HC could therefore be considered in all women 
from those families. furthermore, the low prevalence of deficiencies of the natural 
anticoagulants in patients with Vte of 8.2 % (109) implies that many patients with Vte 
would need to be tested to identify those few deficient female relatives.

clinical implications for women with a high baseline risk of vte, 
regarding pregnancy

presence of certain risk factors during pregnancy and the postpartum period may 
justify preventive strategies, if the risk and burden of these strategies outweigh the 
risk of Vte. preventive measures should be considered in patients with 1) a personal 
history of Vte, 2) a positive family history of Vte and/or presence of thrombophilia, and 
3) cesarean section.

if thrombosis prophylaxis is warranted antepartum, low-molecular-weight heparin 
(lMWH) is the preferred anticoagulant in pregnant women, as it does not cross the 
placenta and thus is safe for the fetus (76,110). Vitamin k antagonists (Vka) cross the 
placenta and can cause potential fetal wastage, fetal bleeding and teratogenicity. 
Coumadin embryopathy (e.g. limb hypoplasia, stippled epiphyses or midfacial hypo-
plasia) mostly occurs after Vka exposure in utero during the first trimester of pregnancy 
(111–113). the use of Vka in the second or third trimester has been associated with an 
increased risk of minor neurological and cognitive abnormalities in school-age children 
(114). Hence, there is no place for Vka in the prevention or treatment of pregnancy-
related Vte. only for pregnant women with mechanical heart valves in whom concerns 
exist about the efficacy and safety of ufH or lMWH, treatment with Vka may be in-
stituted from the 13th week of gestation with replacement by ufH or lMWH close to 
delivery. Women on Vka for the treatment of Vte who become pregnant are advised 
to switch to lMWH for the entire pregnancy. the need for daily injections is a disadvan-
tage of lMWH, as long-term use in pregnant women leads to skin reactions in up to 
40 %, mostly type iV delayed hypersensitivity reactions at the injection site (115–118). 
When lMWH administration is problematic or contraindicated because of allergy or 
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renal insufficiency, unfractionated heparin (ufH) is the anticoagulant of choice, as this 
is also does not cross the placenta and thus is safe for the fetus. When Hit develops in 
a pregnant patient, a very uncommon complication (110), further use of ufH or lMWH 
is contraindicated. in these rare cases, alternative parenteral anticoagulant drugs are 
danaparoid and fondaparinux (76).

Both lMWH and Vka are safe in breast-feeding women. small amounts of lMWH, 
danaparoid and fondaparinux might be excreted into breast milk, but since these 
anticoagulants are hardly absorbed into the gastrointestinal tract this does not pose 
a risk to the breastfed infant (76,119,120). ufH is not excreted in breast milk because 
of its high molecular weight. Vka, particularly acenocoumarol and warfarin, are non-
lipophilic, polar and highly protein bound and are not detected in breast milk (121,122). 
there are some concerns that more lipophilic and less polar Vka such as phenindione, 
anisindione and phenprocoumon might be excreted into breast milk. use of these oral 
anticoagulants during breast feeding should therefore be limited to women who are 
known to have instable international normalized ratios (inr) with shorter-acting Vka 
(76).

A personal history of VTE
Women with a personal history of Vte have a 2 to 10 % absolute risk of developing re-
current Vte during a subsequent pregnancy in the absence of thrombosis prophylaxis, 
yielding an or of 24.8 (95 % Ci 17.1 – 36.0) compared with pregnant women without 
previous Vte (74,123–125). Circumstances under which the first Vte occurred appear 
to influence the risk of recurrence. in two retrospective studies, women with a first 
Vte provoked by oral HC, pregnancy or the postpartum period had a non-significant 
higher risk of recurrent Vte during subsequent pregnancy than women with a first Vte 
that was unprovoked or provoked by a transient non-hormonal risk factor (124,125). 
likewise, in a large retrospective cohort of women with Vte women with pregnancy-
associated Vte had a significantly higher risk of recurrent Vte during subsequent 
pregnancy, compared with women with unprovoked Vte (126).

in the current guideline of the american College of Chest physicians (aCCp), pregnant 
women are categorized into risk groups based on the circumstances under which prior 
Vte occurred. all women with a history of Vte should receive postpartum thrombosis 
prophylaxis for 6 weeks, as the absolute risk of pregnancy-related Vte in general is 
higher postpartum. the threshold to use antepartum prophylaxis is higher than the 
threshold for using postpartum prophylaxis given the burden of self-injecting with 
lMWH over several months as opposed to 6 weeks. therefore, for women with a low 
risk of recurrence (a single episode of Vte associated with a major transient risk factor 
not related to pregnancy or use of estrogen), clinical vigilance antepartum rather than 
pharmacological thrombosis prophylaxis is justified. Women with a moderate (a single 
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episode of Vte that was hormone- or pregnancy-related or unprovoked) or high risk of 
recurrence (multiple prior unprovoked Vte or a persistent risk factor, such as paralysis) 
should receive thrombosis prophylaxis during the entire pregnancy (table 2.4). ante-
partum prophylaxis should then be instituted as soon as a pregnancy test is positive, as 
the risk of recurrence begins early in the first trimester (76).

Many centers use a prophylactic dose of lMWH in women with an indication for 
thrombosis prophylaxis during pregnancy and/or postpartum, but numerous treat-
ment failures have been reported with an estimated risk of recurrent Vte of 5–6 % 
(124,127,128). in the absence of randomized controlled trials, the aCCp guideline sug-
gests prescribing either a prophylactic or intermediate dose of lMWH to these women. 
We are currently performing a randomized controlled comparing the two suggested 
doses in pregnant women with a history of Vte (www.Clinicaltrials.gov; nCt 01828697).

Presence of hereditary thrombophilia and pregnancy
in pregnant women with hereditary thrombophilia, a first degree family member with a 
history of Vte, or both, the decision to use thrombosis prophylaxis during or after preg-

table 2.4. summary of the 9th american College of Chest physicians recommendations to prevent 
pregnancy-related Vte.

antepartum∫ and postpartum 
prophylaxis

postpartum prophylaxis during 
6 weeks§

no pharmacological 
prophylaxis§

Women with a single unprovoked 
episode of Vte, or provoked by use 
of oral contraceptives, pregnancy 
or postpartum

Women with a history of a single 
episode of Vte related to a major 
nonhormonal transient risk factor

General population

Women with a history of multiple 
unprovoked episodes of Vte

Women with hereditary 
thrombophilia and a positive 
family history# of Vte

Women with a positive family 
history# of Vte

Women with a history of Vte and a 
persistent risk factor

Women who are homozygous for 
factor V leiden or prothrombin 
mutation who have a positive 
family history# of Vte

Women who are homozygous for 
factor V leiden or prothrombin 
mutation who do not have a 
positive family history# of Vte

Women who are heterozygous 
for factor V leiden of prothrombin 
mutation who do not have a 
positive family history# of Vte

Women undergoing cesarean 
section with multiple risk factors 
that persist following delivery§

Women undergoing cesarean 
section without additional 
thrombosis risk factors§

all recommendations are weak, based on a low level of evidence leaving room to individualize 
prophylactic strategies based on patient’s preferences (76).
∫ antepartum prophylaxis should start as soon as possible after the conception.
§ unless women can be categorized into one of the more aggressive prophylactic strategies in this 
table.
# a positive family history is defined as having a first degree relative with Vte.
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nancy is based on the absolute risk estimate of developing a pregnancy-related Vte. 
Because of a paucity of high-quality evidence measuring the effectiveness and safety of 
thrombosis prophylaxis in preventing Vte in pregnant women, the authoritative aCCp 
guideline uses indirect evidence extrapolated from studies assessing the efficacy of 
prolonged thrombosis prophylaxis after orthopedic surgery, assuming a 65 % relative 
risk reduction.

the absolute risk of developing pregnancy-related Vte in homozygous carriers of 
fVl without a positive family history is estimated to be 4.8 %, and in the presence of 
a positive family history of Vte the absolute risk rises to 14.0 % (129–132) (table 2.5). 
in homozygous carriers of the prothrombin mutation, the absolute risk of pregnancy-
related Vte is around 3.7 % in patients without a positive family history (133). Hence, 
thrombosis prophylaxis both antepartum and postpartum is suggested in homozy-
gous carriers of the fVl and prothrombin mutation. in the absence of a positive family 
history, it is suggested to use thrombosis prophylaxis solely postpartum with clinical 
vigilance antepartum (table 2.4) (76).

table 2.5. risk of pregnancy-related Vte in thrombophilic women stratified by family history for 
Vte.

thrombophilic defect

prevalence in 
population,
% (96,142–145)

estimated rr
or (95 %ci)

absolute risk of vte*,
% of pregnancies (95 %ci)

Family 
studies

non-family 
studies

factor V leiden, heterozygous 2.0–0.0 8.3 (5.4–42.7) 
(133)

3.1 (2.1–1.6) 
(106,107)

1.2 (0.8–8.8)

factor V leiden, homozygous 0.2–2.5 34.4 (9.9–920) 
(133)

14.0 (6.3–35.8) 
(129,130)

4.8 (1.4–46.8)

prothrombin heterozygous 2.0 6.8 (2.5–58.8) 
(133)

2.6 (0.9–9.6)
(105,108)

1.0 (0.3–3.6)

prothrombin homozygous Very rare 26.4 (1.2–259)
(133)

- 3.7 (0.2–28.3)

antithrombin deficiency < 0.1–1.6 4.7 (1.3–37.0)
(133)

3.0 (0.08–85.8) 
(135)

0.7 (0.2–2.4)

protein C deficiency 0.2–2.3 4.8 (2.2–20.6)
(133)

1.7 (0.4–4.9)
(135)

0.7 (0.3–3.5)

protein s deficiency < 0.1–1.1 3.2 (1.5–5.9)
(133)

6.6 (2.2–24.7)
(135)

0.5 (0.2–2.0)

* observed in family studies, estimated from multiplying the baseline risk of 1.40 per 1,000 by the 
rr in non-family studies (146).
# risk increase is stronger for lupus anticoagulant than for anticardiolipin or beta2 glycoprotein anti-
bodies. Data are very limited; hence, the estimated absolute risk should be interpreted with caution.
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Heterozygosity for the factor V leiden mutation and prothrombin 20210a mutations 
carries an absolute risk of around 1.0 % of developing pregnancy-related Vte compared 
with non-carriers. the absolute risk increases to 3.0 % in the presence of a positive family 
history of Vte (104–108,133,134). for women with antithrombin, protein C, or protein 
s deficiency the absolute risk of pregnancy-related Vte is approximately 0.7 % and in 
the presence of a positive family history of Vte the risk raises to 4.1 % (133,135). Based 
on these risk estimates, clinical vigilance antepartum and postpartum thrombosis 
prophylaxis is suggested (table 2.4). in the absence of a positive family history of Vte, 
antepartum and postpartum clinical vigilance is suggested rather than thrombosis 
prophylaxis (76). there is however considerable disagreement between guidelines 
about the indication for antepartum thrombosis prophylaxis in pregnant women with 
a deficiency of antithrombin, protein C or protein s. as these deficiencies are often 
regarded as high-risk thrombophilias, some suggest antepartum prophylaxis in these 
women too (136,137). the perception of high Vte risk antepartum however, is mainly 
based on older studies with methodological limitations (138). More recent studies did 
not confirm the high risk of Vte recurrence (133,135). Moreover, the majority of events 
occur in the postpartum period (139,140). the burden of self-injecting with lMWH 

table 2.6. risk factors for Vte resulting in a baseline risk of postpartum Vte of > 3 % (76).

major risk factors (or > 6)* minor risk factors (or > 6 when combined**)

immobility (strict bed rest for > 1 week in the 
antepartum period)

BMi > 30 kg/m 2

postpartum hemorrhage > 1,000 ml with surgery postpartum hemorrhage > 1,000 ml

previous Vte Multiple pregnancy

preeclampsia with fetal growth restriction preeclampsia

thrombophilia thrombophilia

 antithrombin deficiency  protein C deficiency 

 factor V leiden (homozygous or heterozygous)  protein s deficiency 

  prothrombin G20210a (homozygous or 
heterozygous) 

Medical conditions fetal growth restriction (gestational age + sex-adjusted 
birth weight < 25th percentile) systemic lupus erythematosus 

 Heart disease 

 sickle cell disease 

Blood transfusion smoking > 10 cigarettes/day

postpartum infection

* presence of at least one risk factor suggests a risk of postpartum Vte > 3 %.
** presence of at least two risk factors or one risk factor in the setting of emergency cesarean section 
suggests a risk of postpartum Vte of > 3 %.
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for several months and the risk of skin reactions therefore weighs strongly into the 
recommendation for postpartum thrombosis prophylaxis only in patients with these 
thrombophilias.

Other risk factors for pregnancy-associated VTE
Women having undergone a cesarean section are at increased risk of developing 
Vte, especially when this was performed in an emergency setting (80,81). Based on 
several clinical risk factors, the absolute risk of developing Vte in these women can be 
estimated (table 2.6). thrombosis prophylaxis is suggested for patients having under-
gone caesarean section with an absolute Vte risk of 3 % or more, which is in line with 
prophylaxis treatment in medical patients (76). for women having undergone cesarean 
section without additional thrombosis risk factors, thrombosis prophylaxis is not rec-
ommended by the aCCp. in case of an indication for thrombosis prophylaxis, treatment 
is preferably continued until discharge from the hospital, with extended prophylaxis up 
to 6 weeks.

summary

in individuals between 20 and 44 years of age, the incidence of a first Vte is higher in 
women than in men, which is likely explained by the use of hormonal preparations, 
pregnancy and the postpartum period. When adjusting for these factors, men seem to 
have a higher risk than women to develop a first Vte. this is in line with the observed 
higher risk of recurrence in men versus women but the exact mechanism explaining 
this phenomenon has not yet been elucidated.

HC and Hrt are associated with an increased risk of Vte and the relative risk increase 
varies with different types of contraceptive method (i.e. the estrogen dose, type of pro-
gestogen and route of administration). third and fourth generation combined oral HC 
yield a higher risk than second generation pills. Women planning to use contraception 
should be counseled regarding these risks and avoidance of hormonal contraception 
may be considered in women at the highest risk of Vte. after a first Vte associated with 
HC use or Hrt, further use of these preparations is discouraged. in case of the need 
for contraception, it is advised to switch to a contraceptive method without increased 
Vte risk such as the levonorgestrel-iuD. testing positive for certain types of inherited 
thrombophilia, a positive family history of Vte, or both may warrant the avoidance of 
specific HC in order to prevent Vte episodes.

During pregnancy and the puerperium, women have an increased risk of develop-
ing Vte. postpartum thrombosis prophylaxis with or without antepartum prophylaxis 
should be considered for women with a history of Vte and women without a history of 
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Vte who have multiple risk factors such as a positive family history of Vte, thrombophilia 
or cesarean section. although subject of ongoing debate, presence of most inherited 
thrombophilias should not lead to altered thrombosis prophylaxis.
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