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Abstract

1-5% of women trying to conceive suffer from recurrent miscarriage and in 

50% of these women the cause of the preceding miscarriages is unknown. 

Inherited thrombophilias such as Factor V Leiden mutation, prothrombin 

g20210a gene mutation and deficiencies of natural anticoagulants protein 

C, protein S and antithrombin are associated with recurrent miscarriage. 

Knowledge of the association between inherited thrombophilia and recur-

rent miscarriage and of potential treatment options for improving chances 

of a live birth could tempt physicians to test for inherited thrombophilia 

in women with recurrent miscarriage. However, the strength of the asso-

ciation between inherited thrombophilia and recurrent miscarriage is not 

very strong and more importantly, there is no evidence that the use of an-

ticoagulants improves the chance of live birth in these women.

With the current state of evidence, testing for inherited thrombophilia 

should not lead to altered clinical management and therefore, should not 

be performed routinely in women with recurrent miscarriage, but only in 

the context of scientific studies.

Introduction

Thrombophilia, a condition associated with increased tendency to venous 

thrombosis, is associated with recurrent miscarriage. It accounts for early 

miscarriage as well as for miscarriage at later gestational age. Nowadays in 

clinical practice, testing for inherited thrombophilia in women with recur-

rent miscarriage is slowly becoming part of routine care. The value of a test 

is in part dependent on the relevance of the test result for clinical man-

agement as well as on the impact of the test and test results on a patient. 

We argue that, in this case, a positive or negative test result should not 

alter clinical management and therefore, that testing for inherited throm-

bophilia in recurrent miscarriage is not justified.

Firstly, we discuss recurrent miscarriage, inherited thrombophilia and the 

suggested pathophysiological mechanisms of this association. Secondly, 

we discuss strength of the evidence on the use of anticoagulants to pre-

vent recurrent miscarriage. Finally the potential benefits and drawbacks of 

testing for inherited thrombophilia in women with recurrent miscarriage 

are discussed and we explain why, based on the current knowledge of test-
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Thrombophilia

Coagulation cascade, regulatory mechanisms

and inherited thrombophilia

The term thrombophilia is used to describe a disorder associated with an 

increased tendency to venous thromboembolism (vte). It can be acquired, 

as in patients with malignant disease or aps, as well as inherited. Tradi-

tionally, possible features are a family history of thrombosis, thrombosis 

at an unusual location and thrombosis at young age, but a large proportion 

of carriers of thrombophilic defects remains asymptomatic throughout 

life. In addition to these features, thrombophilia is also associated with 

an increased risk of both single miscarriage and recurrent miscarriage.8/9 

Severe preeclampsia is also associated with thrombophilia; for other ad-

verse pregnancy outcomes, including placental abruption and intra-uter-

ine growth restriction, the presence of an association is controversial.8-10

Thrombophilia can be acquired, as in patients with malignant disease 

or aps, as well as inherited. The effects of the currently known inherited 

thrombophilic defects on fibrin formation are explained in figure i. The 

process of coagulation is activated and regulated in several ways, in which 

thrombin (factor IIa) plays a key role. It converts fibrinogen to fibrin; the 

main component of a haemostatic plug. Secondly, it activates coagulation 

factors v, viii, xi, leading to increased thrombin formation, and factor xiii 

which crosslinks fibrin strands. Coagulation is physiologically regulated by 

protein C and protein S. Protein C is activated to activated Protein C (apc) 

by thrombin in the presence of thrombomodulin. apc inactivates factors Va 

and VIIIa, and protein S serves as a cofactor in this process, indirectly de-

creasing thrombin formation. A third natural anticoagulant is antithrom-

bin; it inhibits thrombin directly, but can also inactivate factors Xa, IXa, 

VIIa and plasmin, thereby indirectly inhibiting thrombin formation.

ing and therapeutic options for recurrent miscarriage, testing should not 

be routine practice in women with recurrent miscarriage.

Recurrent miscarriage

The nomenclature used to describe miscarriage at a certain gestational 

age is divergent. Revised terminology was proposed in 2005; suggesting 

‘early pregnancy loss’ (loss of fetal heart activity <12 weeks gestation), ‘late 

pregnancy loss’ (loss of fetal heart activity >12 weeks gestation) and ‘recur-

rent miscarriage’ (3 early consecutive losses or two late pregnancy losses) 

as preferred terms, all based on previous crown-rump length identification 

on ultrasound.1 We prefer to use the term ‘miscarriage’; ‘pregnancy loss’ 

can imply loss of a pregnancy not only being a miscarriage but also ectopic 

pregnancy, or stillbirth. To couples, the loss of ‘only’ two pregnancies, will 

feel like recurrent miscarriage, irrespective of the medical nomenclature re-

quiring three consecutive miscarriages. There is recent evidence that two 

or more -not necessarily consecutive- miscarriages constitute recurrent 

miscarriage.2/3

Pregnancy loss for any reason is severely distressing for women and their 

partners who wish to have children. In all clinically recognized pregnan-

cies, a single spontaneous miscarriage occurs in 14-19% of patients, and 

1-5% of women experience two or more consecutive miscarriages.4/5 A ma-

jority of miscarriages that occur before 10 weeks’ gestation are due to chro-

mosomal errors arising from non-inherited, non-disjunctional events.6 

A higher maternal age and increasing number of preceding miscarriages 

are strong determinants of recurrent miscarriage. However, in over 50% 

of women, the cause of the recurrent miscarriage remains unexplained. 

Known possible causes include anatomical, hormonal, and chromosom-

al abnormalities in parents, as well as prothrombotic abnormalities, as is 

the case in thrombophilia. Antiphospholipid syndrome (aps), an acquired 

form of thrombophilia, is considered an established risk factor for recur-

rent miscarriage.7 Various forms of inherited thrombophilia are associated 

with recurrent miscarriage, but the causal relationship is not yet fully elu-

cidated.
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Two forms of inherited thrombophilia are the gain of functional mutations 

called Factor V Leiden and prothrombin g20210a gene mutation. Factor V 

Leiden mutation, the most prevalent known inherited thrombophilic de-

fect (5% in Caucasians11), results from a substitution of adenine for gua-

nine at the 1691 position of the factor V gene (figure ii). This leads to the 

substitution of glutamine for arginine at position 506 in the factor V pol-

ypeptide. As a consequence, factor Va is resistant to degradation by acti-

vated protein C (apc), which results in less down-regulation of thrombin, 

compared to normal factor Va.

figure ii - Schematic representation of the Factor V Leiden mutation.

At amino acid position 506, arginine (Arg) is replaced by glutamine (Gln), which makes the mol-

ecule less susceptible for cleavage by activated protein C at this site. Additional cleavage of the 

factor V molecule at amino acid positions 306 and 679 can occur normally but at a slower rate.

figure i - Blood Coagulation and Fibrinolysis.

Simplified scheme of coagulation and fibrinolysis. Coagulation is initiated by a tissue factor

(tf)-factor viia complex that can activate factor IX or factor X, leading to formation of the key 

enzyme thrombin (factor IIa). Tissue factor–dependent coagulation is rapidly inhibited by tissue 

factor–pathway inhibitor (tfpi). Coagulation is maintained through the activation of factor xi by 

thrombin. Through the intrinsic tenase complex (factors ixa and viia) and the prothrombinase 

complex (factors Xa and Va), the additional thrombin required to down-regulate fibrinolysis is 

generated by the activation of thrombin-activatable fibrinolysis inhibitor (tafi).

The coagulation system is regulated by the protein C pathway. Thrombin activates protein C 

in the presence of thrombomodulin. Together with protein S (ps), activated protein C (apc) is 

capable of inactivating factors Va and VIIIa, which results in a down-regulation of thrombin gen-

eration and consequently in an up-regulation of the fibrinolytic system. The activity of thrombin 

is controlled by the inhibitor antithrombin (at). The solid arrows indicate activation and the 

broken arrows inhibition.
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table i - Prevalence of inherited thrombophilia in Caucasians, adapted from Coppens et al.,

Cohn et al., and Middeldorp et al.17-19

Thrombophilia and pregnancy loss

Pathophysiology

Physiologically, pregnancy is associated with changes in haemostasis, 

resulting in a hypercoagulable state.20 In theory, thrombophilia intensi-

fies these changes in haemostasis during pregnancy. The association be-

tween thrombophilia and recurrent miscarriage as well as pre-eclampsia 

and possibly abruptio placentae and intra-uterine growth restriction can, 

therefore, be explained by the concept of thrombosis of the (micro) vascu-

lature of the placenta. This hypothesis is reinforced by the fact that pla-

cental infarction is a common finding in women with placenta-mediated 

pregnancy complications and thrombophilia.21

However, it is unlikely that this is the sole mechanism of thrombophilia in 

miscarriage. Because placental development has not yet taken place very 

early in pregnancy and early miscarriage is also associated with thrombo-

philia, other pathophysiological mechanisms may also play a part.

A suggested mechanism by which aps induces injury to the developing fe-

tal-placental unit is by activation of complement.22 In animal models, bind-

ing of antiphospholipid antibodies to trophoblast can activate complement 

factors C3 and C5, leading to recruitment and stimulation of inflammatory 

The prothrombin g20210a gene mutation results from a mutation in the 

promotor region of the prothrombin gene (g20210a), which leads to slight-

ly elevated prothrombin levels,12 which is associated with an increased risk 

of thromboembolism.13

Deficiencies of the natural anticoagulants antithrombin, protein C and 

protein S lead to increased thrombin generation and are relatively rare 

forms of inherited thrombophilia.

Both Protein C and Protein S are vitamin-K dependent glycoproteins.

An elevated level of factor viii is another possible genetically determined 

cause of thrombophilia which may be a common risk factor for vte and 

arterial vascular events, but the etiology and impact of this defect on preg-

nancy complications are unclear.14/15

Thrombophilia and vte

Altogether, the different forms of inherited thrombophilia are not rare 

(table i), but the frequency varies considerably within healthy populations 

and among patients with vte. As mentioned before; Factor V Leiden mu-

tation is the most prevalent inherited thrombophilic defect, occurring in 

5% of Caucasians; however, it is rare in Asians and Africans.11/13 A mutation 

in the prothrombin gene is present in approximately 2-3% of Caucasians, 

but is also less common in Asians and Africans.16/17 Homozygosity for these 

two mutations is rare, with a prevalence of 0.02% for Factor V Leiden mu-

tation and 0.014% for prothrombin g20210a mutation.12/16 Deficiencies of 

Protein C, Protein S and antithrombin are much rarer than Factor V Leiden 

mutation or prothrombin g20210a gene mutation; their combined preva-

lence is approximately 1%.17 Among patients with vte the prevalence of 

inherited thrombophilia is higher (table i).17 The relative risk for a first ve-

nous thrombosis in carriers of a Factor V Leiden mutation is approximately 

3-5, and in carriers of a prothrombin g20210a gene mutation, the relative 

risk is 2-3.18 In patients with deficiencies of antithrombin, protein C or pro-

tein S the relative risk for a first venous thrombosis is also elevated; 5-10, 

4-6.5 and 1-10, respectively. The estimated relative risks of vte recurrence in 

patients with inherited thrombophilia are 1.8 – 2.5 (natural anticoagulant 

deficiencies), 1.3 – 1.4 (Factor V Leiden mutation) and 1.4 – 1.7 (prothrombin 

g20210a gene mutation), as compared to vte patients without thrombo-

philia.19
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Results from a meta-analysis are summarized in table ii; odds ratios for 

individual thrombophilic defects for early miscarriage and late miscar-

riage were 1.40-6.25 and 1.31-20.09 respectively.9

table ii - Association between Pregnancy Complications and Thrombophilia, adapted from

Robertson et al.9

* Homozygous and heterozygous carriers were grouped together; it is not possible to extract data

for zygosity. na, not available. Note: data are derived from a systematic review; terminology of 

pregnancy loss at various gestational ages may vary among included studies.

cells and injury to the fetus and placenta. Furthermore, in in vitro studies 

on human placental tissue, it was demonstrated that antiphospholipid an-

tibodies can inhibit primary extra-villous trophoblast differentiation, and 

subsequent placentation.23 Moreover, it is observed that heparin as well as 

aspirin regulates trophoblast apoptosis in vitro.24

Similar experimental models for inherited thrombophilia have not been 

studied, but experiments on thrombomodulin-deficient mice have shown 

that the thombomodulin-protein C pathway is essential for the mainte-

nance of pregnancy; activated coagulation factors induce cell death and 

growth inhibition of placental trophoblast cells by formation of fibrin deg-

radation products inducing death of giant trophoblast cells, as well as by 

engaging protease-activated receptors par-2 and par-4. These findings sug-

gest that thrombomodulin-protein C system may protect placental integ-

rity, and consequently that a lack of protein-C can be part of the cause of 

pregnancy loss.25

Strength of association

The effect of thrombophilic defects on pregnancy outcome seems to vary 

for different forms of thrombophilia and during the course of pregnan-

cy. One study reported an association between increased risk of recurrent 

miscarriage throughout the entire first trimester and prothrombin g20210a 

gene mutation, whereas Factor V Leiden mutation was associated with re-

current miscarriage after the start of placentation (10-14 weeks gestation), 

but not with embryonic loss.26 A meta-analysis, showed that recurrent mis-

carriage with only first trimester miscarriages, is associated with Factor V 

Leiden mutation, activated protein C resistance and prothrombin g20210a 

gene mutation.8 Late pregnancy loss was associated with Factor V Leiden 

mutation (pregnancy loss >19 weeks), prothrombin g20210a gene mutation 

(loss >20 weeks) and protein S deficiency (loss >22 weeks). The associa-

tion between Factor V Leiden mutation and late recurrent miscarriage was 

stronger than for early recurrent miscarriage (<13 weeks gestation). Re-

sults of another systematic review showed that women with unexplained 

stillbirth were more often heterozygous for Factor V Leiden mutation, or 

had protein S deficiency more often than controls.27 Moreover, the extent 

of the association between thrombophilia and miscarriage varies, accord-

ing to type of thrombophilia and gestational age.
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table iii - Available evidence from randomized controlled trials investigating heparin

(lmwh or unfractionated heparin) compared to no heparin in women with a history of unex-

plained recurrent miscarriage*; effect on live birth.

* Various definitions. apla, antiphospholipid antibodies; ufh, unfractionated heparin; lmwh, low

molecular weight heparin

Potential impact of anticoagulant therapy; evidence

Because of the presumed role of thrombophilia in the pathogenesis of re-

current miscarriage, anticoagulants could be a therapeutic option. Hepa-

rin binds to and potentiates the activity of antithrombin.28 In contrast to 

coumarin derivatives, neither unfractionated heparin nor low molecular 

weight heparin (lmwh) cross the placenta and therefore these interven-

tions do not have the potential to cause fetal bleeding and teratogenic 

damage. In clinical practice, aspirin and lmwh are frequently prescribed 

for women with unexplained recurrent miscarriage or with inherited 

thrombophilias and recurrent miscarriage not otherwise explained, de-

spite a lack of evidence.

Beneficial effects of anticoagulants (lmwh with or without aspirin) for 

women with unexplained recurrent miscarriage were reported in several 

studies.29/30 However, these studies were either not randomized, not place-

bo-controlled, or had other methodological limitations (table iii).

We recently performed a randomized placebo controlled trial (alife study), 

investigating whether aspirin combined with lmwh or aspirin alone as 

compared with placebo would improve the live birth rate among 364 wom-

en with unexplained recurrent miscarriage (<20 weeks gestation).2 We found 

that neither aspirin combined with nadroparin nor aspirin alone improved 

the chance of a live birth in women with a history of unexplained recur-

rent miscarriage. In addition, no significant benefits were found for women 

with inherited thrombophilia, but the study was not powered to assess 

this effect.

The spin-study, another randomized controlled trial, assessed whether 

enoxaparin and low-dose aspirin reduced the rate of miscarriage com-

pared to intensive pregnancy surveillance alone in 294 women with a his-

tory of 2 or more consecutive previous miscarriages (<24weeks gestation).31 

Results showed 22% miscarriage in participants receiving enoxaparin and 

aspirin, compared with 20% miscarriages in subjects receiving intensive 

surveillance alone (odds ratio 0.91, 95% confidence interval 0.52-1.59).
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that possibly there was underreporting of skin reactions in studies includ-

ed in the systematic review.

Testing for inherited thrombophilias

Recognizing the association between recurrent miscarriage and thrombo-

philia and the possible benefits of anticoagulant treatment, the question 

is raised whether testing women with recurrent miscarriage for throm-

bophilia should be performed routinely. Arguments in favor of testing 

include the gain of knowledge on the possible cause of miscarriage. This 

provides an explanation for the patient and her partner, as well as for her 

physician. A second and more important argument supportive of testing 

for thrombophilia, is to select the group of patients who could benefit from 

anticoagulant treatment in a future pregnancy. However, as yet, thrombo-

philia and recurrent miscarriage are merely associated, and evidence for 

the efficacy of anticoagulants in women with thrombophilia and recurrent 

miscarriage is still lacking. Since treatment of these women is, at present, 

not justified, testing for inherited thrombophilia should not alter clinical 

management and, therefore, should not be performed.

A complete thrombophilia screen cost approximately $570 in 2003.37 More-

over, the psychological impact and consequences of a person knowing 

that she or he is a carrier of a (genetic) thrombophilic defect are potential 

drawbacks of testing. In a systematic review of the psychological impact 

of testing for thrombophilias, no valid conclusions could be drawn based 

on the literature, because data could not be pooled due to varied meth-

odology in eligible studies.38 However, 43% and 27% of participants in two 

studies reported being more worried with the knowledge of being a carrier 

of thrombophilia.39/40

In the Hepasa trial, the use of lmwh in addition to aspirin did not lead 

to increased live birth when compared to aspirin alone in women with 

antiphospholipid antibodies, inherited thrombophilia or antinuclear anti-

bodies and recurrent miscarriage in the Hepasa trial.32 The Habenox study 

also found no beneficial effect of lmwh (with aspirin or placebo) compared 

to aspirin in women with or without thrombophilia and recurrent miscar-

riage.33

None of the trials just cited were sufficiently powered to demonstrate an 

effect of pharmacological therapy in the subgroup of women with throm-

bophilia. There is a need for randomized, adequately powered place-

bo-controlled trials on the use of anticoagulants in women with recurrent 

miscarriage and inherited thrombophilia. Until beneficial effects of anti-

coagulants are demonstrated in such trials, pharmacological intervention 

in women with recurrent miscarriage and thrombophilia is not justified.

Potential impact of anticoagulant therapy; drawbacks

Apart from the lack of evidence for these pharmacological interventions, 

anticoagulant therapy in pregnant women is potentially harmful. Fortu-

nately, the risk of hemorrhage (including post-partum hemorrhage), hep-

arin induced thrombocytopenia (hit) and heparin induced osteopenia, the 

main potential adverse effects of heparins, appears small in previously 

mentioned trials. In a systematic review of the safety and efficacy of lmwh 

in pregnant women, the rate of significant bleeding was low; 1.98% (95% 

confidence interval 1.50% – 2.57%).34 Bleeding is a serious complication 

and should not be underestimated. In 2777 pregnancies with lmwh use, no 

case of hit associated with thrombosis was reported and the overall risk 

of heparin-induced osteoporosis was 0.04% (one single patient).34 However, 

3 other cases of osteoporotic fractures associated with lmwh use in preg-

nancy have been reported, that were not included in the review.35

Moreover, lmwh needs to be administered daily and administration often 

causes pain and bruising at injection sites. In the previously cited system-

atic review, the reported rate of skin reactions was low; 1.80% (95% confi-

dence interval 1.34% – 2.37%).34 In the alife trial swelling or itching at in-

jection site was reported by almost 40% of patients receiving nadroparin.2 

Another study of 66 women using lmwh in pregnancy or postpartum peri-

od reported skin complications in 19 (29%) women.36 These results suggest 
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Conclusions

Inherited thrombophilia is associated with recurrent miscarriage, but at 

present, the strength and pathophysiology of this association are not ful-

ly elucidated. Possibly, the use of anticoagulants will provide a means of 

increasing the chance of a live birth in women with recurrent miscarriage 

and inherited thrombophilia. However, as yet, this beneficial effect has not 

been proven and physicians should refrain from prescribing heparins to 

women for solely this indication. Since it still remains to be established 

whether subsequent treatment will improve clinical outcome, the knowl-

edge of a patients’ thrombophilic status should not alter clinical manage-

ment, and testing for thrombophilia should, therefore, not be performed 

on a routine base, but only in the context of scientific studies.

Chapter 6

174

References 6

175

1. Farquharson RG, Jauniaux E, Exalto N. Updated and revised nomenclature for description of 

 early pregnancy events. Hum Reprod 2005; 20(11):3008-3011.

2. Kaandorp SP, Goddijn M, van der Post JA, Hutten BA, Verhoeve HR, Hamulyak K et al. As- 

 pirin plus heparin or aspirin alone in women with recurrent miscarriage. N Engl J Med 2010; 

 362(17):1586-1596.

3. van den Boogaard E, Kaandorp SP, Franssen MT, Mol BW, Leschot NJ, Wouters CH et al. Con- 

 secutive or non-consecutive recurrent miscarriage: is there any difference in carrier status? 

 Hum Reprod 2010; 25(6):1411-1414.

4. Regan L, Rai R. Epidemiology and the medical causes of miscarriage. Baillieres Best Pract Res 

 Clin Obstet Gynaecol 2000; 14(5):839-854.

5. Poland BJ, Miller JR, Jones DC, Trimble BK. Reproductive counseling in patients who have had 

 a spontaneous abortion. Am J Obstet Gynecol 1977; 127(7):685-691.

6. Sierra S, Stephenson M. Genetics of recurrent pregnancy loss. Semin Reprod Med 2006; 

 24(1):17-24.

7. Rai R, Regan L. Recurrent miscarriage. Lancet 2006; 368(9535):601-611.

8. Rey E, Kahn SR, David M, Shrier I. Thrombophilic disorders and fetal loss: a meta-analysis. 

 Lancet 2003; 361(9361):901-908.

9. Robertson L, Wu O, Langhorne P, Twaddle S, Clark P, Lowe GD et al. Thrombophilia in preg- 

 nancy: a systematic review. Br J Haematol 2006; 132(2):171-196.

10. Morrison ER, Miedzybrodzka ZH, Campbell DM, Haites NE, Wilson BJ, Watson MS et al. Pro- 

 thrombotic genotypes are not associated with pre-eclampsia and gestational hypertension: 

 results from a large population-based study and systematic review. Thromb Haemost 2002; 

 87(5):779-785.

11. Ridker PM, Miletich JP, Hennekens CH, Buring JE. Ethnic distribution of Factor V Leiden in 

 4047 men and women. Implications for venous thromboembolism screening. JAMA 1997; 

 277(16):1305-1307.

12. 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 prothrom- 

 bin levels and an increase in venous thrombosis. Blood 1996; 88(10):3698-3703.

13. Lockwood CJ. Inherited thrombophilias in pregnant patients. Prenat Neonatal Med 2001; 

 6(1):3-14.

14. Bank I, van de Poel MH, Coppens M, Hamulyak K, Prins MH, van der Meer J et al. Abso- 

 lute annual incidences of first events of venous thromboembolism and arterial vascular 

 events in individuals with elevated FVIII:c. A prospective family cohort study. Thromb Hae- 

 most 2007; 98(5):1040-1044.

15. Kamphuisen PW, Lensen R, Houwing-Duistermaat JJ, Eikenboom JC, Harvey M, Bertina RM 

 et al. Heritability of elevated factor VIII antigen levels in Factor V Leiden families with throm- 

 bophilia. Br J Haematol 2000; 109(3):519-522.

16. Rosendaal FR, Koster T, Vandenbroucke JP, Reitsma PH. High risk of thrombosis in patients 

 homozygous for Factor V Leiden (activated protein C resistance). Blood 1995; 85(6):1504-1508. 

17. Coppens M, Kaandorp SP, Middeldorp S. Inherited thrombophilias. Obstet Gynecol Clin 

 North Am 2006; 33(3):357-374.

18. Middeldorp S, van Hylckama Vlieg A. Does thrombophilia testing help in the clinical man- 

 agement of patients? Br J Haematol 2008; 143(3):321-335.

19. Cohn DM, Roshani S, Middeldorp S. Thrombophilia and venous thromboembolism: implica- 

 tions for testing. Semin Thromb Hemost 2007; 33(6):573-581.

20. Hellgren M. Hemostasis during normal pregnancy and puerperium. Semin Thromb Hemost 

 2003; 29(2):125-130.

21. Kujovich JL. Thrombophilia and pregnancy complications. Am J Obstet Gynecol 2004; 

 191(2):412-424.

22. Salmon JE, Girardi G, Lockshin MD. The antiphospholipid syndrome as a disorder initiated by 

 inflammation: implications for the therapy of pregnant patients. Nat Clin Pract Rheumatol 

 2007; 3(3):140-147.



23. Quenby S, Mountfield S, Cartwright JE, Whitley GS, Chamley L, Vince G. Antiphospholipid 

 antibodies prevent extravillous trophoblast differentiation. Fertil Steril 2005; 83(3):691-698. 

24. Bose P, Black S, Kadyrov M, Weissenborn U, Neulen J, Regan L et al. Heparin and aspirin atten- 

 uate placental apoptosis in vitro: implications for early pregnancy failure. Am J Obstet Gy- 

 necol 2005; 192(1):23-30.

25. Isermann B, Sood R, Pawlinski R, Zogg M, Kalloway S, Degen JL et al. The thrombomodulin- 

 protein C system is essential for the maintenance of pregnancy. Nat Med 2003; 9(3):331-337. 

26. Ivanov PD, Komsa-Penkova RS, Konova EI, Kovacheva KS, Simeonova MN, Popov JD. Associ- 

 ation of inherited thrombophilia with embryonic and postembryonic recurrent pregnancy 

 loss. Blood Coagul Fibrinolysis 2009; 20(2):134-140.

27. Alfirevic Z, Roberts D, Martlew V. How strong is the association between maternal thrombo- 

 philia and adverse pregnancy outcome? A systematic review. Eur J Obstet Gynecol Reprod 

 Biol 2002; 101(1):6-14.

28. Hirsh J, Warkentin TE, Shaughnessy SG, Anand SS, Halperin JL, Raschke R et al. Heparin and 

 low-molecular-weight heparin: mechanisms of action, pharmacokinetics, dosing, monitor- 

 ing, efficacy, and safety. Chest 2001; 119(1 Suppl):64S-94S.

29. Badawy AM, Khiary M, Sherif LS, Hassan M, Ragab A, Abdelall I. Low-molecular weight hep- 

 arin in patients with recurrent early miscarriages of unknown aetiology. J Obstet Gynaecol 

 2008; 28(3):280-284.

30. Fawzy M, Shokeir T, El-Tatongy M, Warda O, El-Refaiey AA, Mosbah A. Treatment options 

 and pregnancy outcome in women with idiopathic recurrent miscarriage: a randomized 

 placebo-controlled study. Arch Gynecol Obstet 2008; 278(1):33-38.

31. Clark P, Walker ID, Langhorne P, Crichton L, Thomson A, Greaves M et al. SPIN (Scottish Preg- 

 nancy Intervention) study: a multicenter, randomized controlled trial of low-molecular- 

 weight heparin and low-dose aspirin in women with recurrent miscarriage. Blood 2010; 

 115(21):4162-4167.

32. Laskin CA, Spitzer KA, Clark CA, Crowther MR, Ginsberg JS, Hawker GA et al. Low molecular 

 weight heparin and aspirin for recurrent pregnancy loss: results from the randomized, con- 

 trolled HepASA Trial. J Rheumatol 2009; 36(2):279-287.

33. Visser J, Ulander VM, Helmerhorst FM, Lampinen K, Morin-Papunen L, Bloemenkamp KW 

 et al. Thromboprophylaxis for recurrent miscarriage in women with or without thrombo- 

 philia. HABENOX: a randomised multicentre trial. Thromb Haemost 2011; 105(2):295-301.

34. Greer IA, Nelson-Piercy C. Low-molecular-weight heparins for thromboprophylaxis and 

 treatment of venous thromboembolism in pregnancy: a systematic review of safety and 

 efficacy. Blood 2005; 106(2):401-407.

35. Byrd LM, Shiach CR, Hay CR, Johnston TA. Osteopenic fractures in pregnancy: is low molec- 

 ular weight heparin (LMWH) implicated? J Obstet Gynaecol 2008; 28(5):539-542.

36. Bank I, Libourel EJ, Middeldorp S, van der Meer J, Buller HR. High rate of skin complications 

 due to low-molecular-weight heparins in pregnant women. J Thromb Haemost 2003; 

 1(4):859-861.

37. Machin SJ. Pros and cons of thrombophilia testing: cons. J Thromb Haemost 2003; 1(3):412- 

 413.

38. Cohn DM, Vansenne F, Kaptein AA, De Borgie CA, Middeldorp S. The psychological impact of 

 testing for thrombophilia: a systematic review. J Thromb Haemost 2008; 6(7):1099-1104.

39. Hellmann EA, Leslie ND, Moll S. Knowledge and educational needs of individuals with the 

 Factor V Leiden mutation. J Thromb Haemost 2003; 1(11):2335-2339.

40. Lindqvist PG, Dahlback B. Reactions to awareness of activated protein C resistance carrier- 

 ship: a descriptive study of 270 women. Acta Obstet Gynecol Scand 2003; 82(5):467-470.

41. Dolitzky M, Inbal A, Segal Y, Weiss A, Brenner B, Carp H. A randomized study of thrombo- 

 prophylaxis in women with unexplained consecutive recurrent miscarriages. Fertil Steril 

 2006; 86(2):362-366.

Chapter 6

176


