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INTRODUCTION
Thrombophilic disorder is defined as a predisposition to thrombosis 

secondary to any persistent or identifiable hypercoagulable state. 

This can be inherited or acquired.(1) Thrombophilia is present 

in at least 15% of the population in western countries and can 

be identified in up to 50% of those with a history of venous 

thromboembolism (VTE). Protein C, protein S, factor V Leiden, 

antithrombin III and the prothrombin gene mutation 20210 are  

now the most common causes of hypercoagulability. Others include 

hyperhomocystinaemia, elevated factor VII and antiphospholipid 

syndrome (APS). There is a well-established association between 

antiphospholipid antibodies (aPLs) and pregnancy loss, but 

available data also suggests additional associations for other  

thrombophilias.(2-4) At the moment, there is no strong implication 

that the use of low-molecular-weight heparin (LMWH) improves 

live birth rates in women with inherited thrombophilia.(5)

 Systematic reviews are warranted whenever there is a  

substantive therapeutic question, several primary studies – perhaps 

with disparate findings – and substantial uncertainty. Systematic 

reviews supersede narrative reviews as a way of summarising  

research evidence that attempts to bring the same level of rigour 

to the review of research evidence, as should be exercised when 

producing that research evidence in the first place.(6) In the present 

systematic review, we aimed to assess whether the use of LMWH 

improved live birth rates in pregnant women with inherited  

thrombophilic disorders.

METHODS
We performed an electronic literature search using a combination 

of keywords, such as low-molecular-weight heparin, enoxaparin, 

pregnancy, live birth and thrombophilia. The MEDLINE-PubMed 

and Cochrane CENTRAL databases were searched from year 

2000 to 2010. Using the PICOS (P: participants, I: intervention, 

C: comparison, O: outcome measure, S: study design) Cochrane 

approach, trials that randomly assigned patients to receive either 

a combination of LMWH with or without aspirin, aspirin alone, 

or placebo controlled interventions, where the final outcome 

was live birth rates, were included. Randomised controlled 

trials (RCTs) were included if they met the following criteria:  

(a) compared patients given LMWH, with or without aspirin, 

with those receiving aspirin alone or placebo; (b) inclusion  

criteria: women (aged ≥ 18 years), confirmed pregnancy with 

either two appropriately rising β-human chorionic gonadotropin  

48 hours apart or positive foetal heart activity on ultrasonography,  

history of pregnancy loss, and at least one inherited  
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thrombophilic defect (through laboratory evaluation); (c) exclusion 

criteria: antecedent VTE requiring anticoagulation, autoimmune 

diseases, pregnancy loss secondary to genetic, anatomic or  

hormonal aetiologies, lethal foetal defects, obstetric complications 

(such as pregnancy-induced hypertension, preeclampsia) and  

diabetes mellitus; and (d) live birth rate as the final outcome 

measure. The relevance of the studies retrieved from our literature 

searches was independently assessed by two investigators. Studies 

were eliminated if: (a) they were not RCTs; (b) the final outcome 

was not live birth rate; (c) they did not use expected comparators; 

or (d) they did not fulfill the inclusion and exclusion criteria. A 

statistician, who also provided statistical advice for the systematic 

review, carried out all statistical analyses.

 Only one outcome measure was investigated, which was 

live birth rate. Secondary outcomes were not analysed, as our 

primary aim was to appraise the association of LMWH and live 

birth rates in pregnant women with inherited thrombophilias. 

The quality of each trial was assessed using the Cochrane review  

methodology.(7) The assessment was based on whether there was: 

(a) adequate sequence generation; (b) allocation concealment; (c) 

blinding of the patients and outcome assessors; (d) any incomplete 

data reporting; and, (e) selective outcome reporting and other 

bias. Two assessors evaluated the risk of bias and conflicts, if any, 

and these were resolved by discussion. The proportion of patients 

who had live births was pooled for a combined relative risk (RR) 

assessment, which was expressed as RRs with corresponding  

95% confidence interval (CI). All statistical measures were  

conducted using the RevMan5 software (The Nordic Cochrane 

Centre, The Cochrane Collaboration, Copenhagen, Denmark). 

Visual inspection of forest plots and heterogeneity was assessed 

using the chi-square test and I2 statistics. Heterogeneity of the 

clinical design was also assessed using the Cochrane Q test. It 

is likely that the result of heterogeneity yielded a low statistical 

power for our study due to the small number of trials included 

in our systematic review.(8) I2 statistics obtained described 

the percentage of total variation across studies caused by  

heterogeneity rather than chance. A high I2 value suggested 

increased heterogeneity. The random effects model was assumed 

due to considerable heterogeneity among different trials.

RESUlTS
A total of 43 articles were identified through electronic database  

searches. In stage 1, 36 clinical trials were excluded due to 

the following reasons: clinical trials not apparently assessing 

live birth rate (n = 8); trials assessing patients with APS (n = 4);  

observational studies (n = 10); irrelevant trials (n = 12); and other 

non-related reviews (n = 2). In stage 2, a further four RCTs were 

excluded as the final outcome assessed was thromboembolic event 

(n = 1),(9) the outcomes of idiopathic recurrent miscarriages were 

investigated (n = 1),(10) the efficacy and safety of two doses of  

enoxaparin in APS were compared (n = 1),(11) and patients with 

or without thrombophilic disorder were examined (n = 1).(12) 

Finally, only three RCTs published between 2004 and 2009 were 

included in our final systematic review. The literature search is  

summarised in Fig. 1.

 Among the 331 patients involved in these trials, 122 women  

received LMWH alone, 45 received LMWH and aspirin, 123 

received aspirin alone, and 41 were assigned for placebo  

interventions. Participants were all aged ≥ 18 years, with varying 

mean ages (26 years(13), 29 years(14) and 33.8 years(15)) among the 

three studies (Table I). All participants had at least one or more 

miscarriages, with a known thrombophilic disorder. An analysis 

was performed to show the low risk of bias in the assessment of 

these three RCTs (Fig. 2).

 In the study by Qublan et al in 2008, which compared the use 

of LMWH (n = 42) with placebo (n = 41) in patients, the number of 

live births were ten (23.8%) and one (2.4%), respectively, in these 

two groups of patients, so that results were in favour of LMWH 

(RR 9.76, 95% CI 1.31–72.86) (Fig. 3). There was a statistically  

significant increase (21.4%) in live birth rates for patients who were 

given LMWH.(14) Gris et al in 2004 compared the use of LMWH 

(n = 80) with aspirin (n = 80) in women with recurrent in vitro 

fertilisation (IVF) treatment failures and found that the live birth 

rates were 69 (86.3%) and 23 (28.8%), respectively, in these two  

groups of patients (RR 3.0, 95% CI 2.10–4.28), with a difference 

of 57.5%. The increase in live birth rates with the use of LMWH 

was statistically significant compared to aspirin (p < 0.00001).(13)  

Interestingly, Laskin et al, in their study of 2009, found no  

statistically significant difference between two groups of patients 

receiving LMWH with aspirin (n = 45) and aspirin alone (n = 44). 

The number of live births achieved among patients given LMWH 

with aspirin was 35 (77.8%), while that in the group receiving  

aspirin alone was 34 (77.3%) (RR 1.01, 95% CI 0.80–1.26).(15)

 In total, there were 114 (68.3%) live births among patients  

given LMWH (n = 167), and 58 (35.2%) live births in the control 

groups that did not involve the use of any LMWH (n = 165). An 

apparent increase of 33.1% in live births within the LMWH group 

was noticed when compared to the control group. However, 

analysis of the overall pooled data demonstrated no significant  

difference between the two groups of patients in terms of live birth 

Fig. 1 Results of the literature search.
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Table I. Clinical design of the three studies selected from our literature search.

Reference 
(yr)

Country/patient 
no./study design

Patient age (yr)* Inclusion criteria Exclusion criteria Experimental/
eligible comparator

Controlled 
comparator

Primary 
outcome

Gris et al(13) 

(2004)

France/160/RCT 26.0 ± 6.4 (18–36) One or more 

unexplained pregnancy 

loss and thrombophilic 

disorder

Autoimmune 

disease (immune 

thrombocytopenic

purpura, foetomaternal 

alloimmune 

thrombocytopenia), 

genetic or 

anatomical anomaly, 

thyroid disease, 

thrombocytopenia, 

antecedent venous 

thromboembolism, any 

lethal foetal defect, 

pregnancy-induced 

hypertension, diabetes 

mellitus

Subcutaneous 

injection of 40 mg 

LMWH abdominally, 

administered daily 

at 8.00 pm, began at 

the eighth week of 

amenorrhoea

Aspirin 

ingestion  

100 mg at 

8.00 pm 

daily, began 

at the eighth 

week of 

amenorrhoea

Live birth 

rate

Qublan et al(14) 

(2008)

Jordan/83/RCT 29.0 ± 6.3 (19–35) Three or more failed 

in vitro fertilisations, 

at least one 

thrombophilic defect

Chronic disease (liver, 

renal), thyroid disease, 

abnormal uterine cavity, 

thrombocytopenia, 

history of thrombosis, 

heparin therapy 

contraindication, 

polycystic ovary 

syndrome, 

endometriosis

Received LMWH  

40 mg/day 

subcutaneous 

injection, started from 

the day of embryo 

transfer

Received 

placebo 

(equivalent 

volume of 

0.9% sodium 

chloride) 

subcutaneous 

injection, 

started from 

the day of 

embryo 

transfer

Live birth 

rate

Laskin et al(15) 

(2009)

Canada/88/RCT 33.8 ± 4.1 (18–44) Two or more 

unexplained 

consecutive 

pregnancy losses, 

presence of at least 

antinuclear antibody, 

antiphospholipid 

antibody or inherited 

thrombophilia

Systemic lupus 

erythematosus, 

sensitivity to aspirin/

heparin, platelet 

dysfunction, previous 

thromboembolic event, 

genetic/anatomic or 

hormonal aetiologies

Subcutaneous once 

daily LMWH 5,000  

IU/day and 81 mg 

enteric coated aspirin

81 mg enteric 

coated aspirin

Live birth 

rate

*Data is presented as mean ± SD (range).
LMWH: low-molecular-weight heparin; RCT: randomised controlled trial; SD: standard deviation

rates, in spite of results favouring the LMWH group (RR 2.40, 95% 

CI 0.73–7.83).

DISCUSSION
The present standard of care for women with aPLs (including 

anticardiolipin and lupus anticoagulant), with recurrent pregnancy 

loss, is treatment with heparin and aspirin.(16-20) This standard has 

evolved since the late 1990s based on a series of case-control 

studies performed after an initial report by Sanson et al in 1996(21) 

that thrombophilic disorders in pregnant women are associated 

with an increased risk of foetal loss before or after 22 weeks 

of gestation. The precise pathophysiological mechanism by 

which thrombophilic factors induce implantation failure with  

subsequent early pregnancy loss remains unclear, although 

various authors have put forward varying accounts over the years. 

Researchers have suggested that impaired initial vascularisation, 

which is characterised by the abnormal invasion of maternal 

blood vessels by the syncytiotrophoblast, may be influenced 

by microthrombosis at the site of implantation, leading to  

implantation failure and consequently, pregnancy loss in such 

women.(22-25) Others have proposed that such thrombophilias 

may disrupt trophoblast functions, including invasion, cellular  

differentiation with proliferation as well as hormonal activity.(26-28) 

Recently, Kwak-Kim et al have considered an immune-mediated 

response where these thrombophilic factors have a direct  

stimulatory effect on implantation in investigatory works on 

women with IVF and embryo transfer (IVF-ET) treatment  

failures.(29) These authors have suggested that intracellular  

T-helper 1 (Th1) cytokine expression is increased over the ratio 

Fig. 2 Summary of r isk of bias assessment.
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of T-helper 2 (Th2) cytokine expression in women with multiple 

implantation failures after IVF-ET treatment cycles.

 In conjunction with the discovery of various possible  

pathophysiological mechanisms being involved in pregnant 

women with known thrombophilias, multiple modalities of  

treatment with variable success rates have evolved over the years, 

which have included glucocorticosteriods, aspirin and immuno-

globulins.(30,31) The use of LMWHs for thromboprophylaxis and 

the treatment of VTEs in pregnancy was reascertained to be safe  

and effective by Greer and Nelson-Piercy in 2005.(32) Nonetheless, 

despite the vast amount of information and evidence available 

on the benefits of LMWHs in pregnant women with acquired  

thrombophilias, the relationship between inherited thrombophilias 

and recurrent pregnancy loss remains elusive, and the limited  

evidence supporting the various treatments proposed, 

including the use of LMWHs, in these patients continues to be  

inadequate.(33)

 Our study therefore aimed to re-examine the data and  

evidence available in the literature on the potential benefits of 

using LMWHs in pregnant women with at least one inherited 

thrombophilia and a previous history of pregnancy loss. Women 

with known aPLs, genetic or anatomical defects, autoimmune  

conditions (such as systemic lupus erythematosus), and previous 

VTE events on anticoagulation were excluded from our study. 

Risk of bias and heterogeneity assessments were employed in our  

analysis to minimise any potential confounders. A systematic  

search was carried out using various pertinent keywords on 

MEDLINE and Cochrane CENTRAL databases, which elicited a 

total of 43 related studies. After a two-stage review, three relevant 

RCTs that adhered strictly to our eligibility criteria were selected 

for further detailed analysis.

 RR, which was employed to gather summary statistics,  

revealed that the live birth rates in women given LMWH was 

9.76 times higher than those on placebo in the Qublan study (RR 

9.76, 95% CI 1.31–72.86; p = 0.03), which was indeed statistically  

significant.(14) Gris et al also found that there was a statistically 

significant increase in the live birth rates of women on LMWH 

as compared to patients given aspirin alone (RR 3.0, 95% CI 

2.10–4.28; p < 0.00001).(13) Both these studies favoured the use 

of LMWH in pregnant women with inherited thrombophilias  

over control interventions (placebo and aspirin) for the purpose of 

achieving a higher live birth rate.

 Laskin et al, on the other hand, found that the live birth rates 

in women given LMWH in combination with aspirin did not  

improve significantly when compared to women who 

received aspirin alone (RR 1.01, 95% CI 0.8–1.26; p = 0.95).(15)  

Such a comparison was also aimed to indirectly measure the  

effect of LMWH. The findings of this study were consistent with 

those of two other reports by Spitzer et al(34) and Kovalevsky et 

al,(35) which also did not find any statistically valid difference in 

treatment efficacy.

 Although the present literature suggests a much higher  

incidence of inherited thrombophilias in women with recurrent 

pregnancy loss than previously reported figures,(34) one of the 

commonest difficulties encountered by researchers was the 

recruitment of patients with recurrent pregnancy losses who had 

been diagnosed with inherited thrombophilias into individual 

clinical trials. Small sample sizes were also a weakness for many 

such studies, as it affected the generation of good quality statistical 

results. This was a factor impacting the fidelity of the pooled data 

in our study, too. Some investigators remained uncomfortable  

with the inclusion of an aspirin or placebo-only treatment arm in 

Fig. 3 Forest plots of the three studies selected from our literature search.
CI: confidence interval; LMWH: low-molecular-weight heparin; M-H: Mantel-Haenszel r isk ratios
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their trials, as they felt it to be ethically inappropriate to withhold 

heparin treatment from these women, although evidence of the 

benefit of such treatment was limited.

 Overall, out of a total of 332 women in the three RCTs selected, 

the live birth rates for patients given LMWH either alone or  

together with aspirin centred around 68.26% (114/167), whereas 

the pooled live birth in the control group (who were given only 

placebo or aspirin alone) was 35.15% (58/165). However, in spite 

of results favouring treatment with LMWH in these studies (RR 

2.40, 95% CI 0.73–7.83), the difference in birth rates between 

the two patient groups was not statistically significant (p = 0.15). 

Our results highlight that there remains a dearth of conclusive  

evidence supporting the use of LMWH in pregnant women with 

inherited thrombophilias in terms of improved live birth rates from 

such an intervention, although there is convincing proof of the  

benefit of using LMWH in women with acquired thrombophilias 

(such as APS). Nevertheless, the findings of this study add to 

the growing body of research on the management of inherited 

thrombophilias in pregnancy.

ACKNOWlEDGEMENTS
The authors would like to thank Devendra Kanagalingam, Tan Wei 

Ching and Tan Hak Koon for their invaluable assistance, support 

and advice.

 

REFERENCES
1. David M Luesley, Philip N Baker, Obstetrics and gynaecology, an evidence-

based test for MRCOG, 2nd ed. London: Edward Arnold (Publishers) Ltd., 
2010. 

2. Pabinger I, Vormittag R. Thrombophilia and pregnancy outcomes. J Thromb 
Haemost 2005; 3:1603-10.

3. Robertson L, Wu O, Langhorne P, et al. Thrombophilia in pregnancy: a 
systematic review. Br J Haematol 2006; 132:171-96.

4. Rodger MA, Paidas M, McLintock C, et al. Inherited thrombophilia and 
pregnancy complications revisited. Obstet Gynecol 2008; 112:320-4.

5. Clark P, Walker ID, Langhorne P, et al. SPIN (Scottish Pregnancy Intervention) 
study: a multicenter, randomized controlled trial of low-molecular-weight 
heparin and low-dose aspirin in women with recurrent miscarriage. Blood 
2010; 115:4162-7.

6. Huw T O Davies, Iain K Crombie. What is …? Series, 2nd ed. What is 
a systematic review? [online]. Available at: www.medicine.ox.ac.uk/
bandolier/painres/download/.../syst-review. Accessed October 8, 2012.

7. Julian PT Higgins and Douglas G Altman. Assessing risk of bias in included 
studies. Chapter 8, The Cochrane Book Series [online]. Available at: www.
cochrane.org/handbook/chapter-8-assessing-risk-bias-included-studies. 
Accessed October 8, 2012.

8. Fletcher J. What is heterogeneity and is it important? BMJ 2007; 334:94-6.
9. Gates S, Brocklehurst P, Ayers S, et al. Thromboprophylaxis and pregnancy: 

two randomized controlled pilot trials that used low-molecular-weight 
heparin. Am J Obstet Gynecol 2004; 191:1296-303.

10. Fawzy M, Shokeir T, El-Tatongy M, et al. Treatment options and pregnancy 
outcome in women with idiopathic recurrent miscarriage: a randomized 
placebo-controlled study. Arch Gynecol Obstet 2008; 278:33-8.

11. Fouda UM, Sayed AM, Ramadan DI, Fouda IM. Efficacy and safety of two 
doses of low molecular weight heparin (enoxaparin) in pregnant women with 
a history of recurrent abortion secondary to antiphospholipid syndrome. J 
Obstet Gynaecol 2010; 30:842-6.

12. Visser J, Ulander VM, Helmerhorst FM, et al. Thromboprophylaxis for 
recurrent miscarriage in women with or without thrombophilia. HABENOX: 

a randomised multicentre trial. Thromb Haemost 2011; 105:295-301.
13. Gris JC, Mercier E, Quéré I, et al. Low-molecular-weight heparin versus low-

dose aspirin in women with one fetal loss and a constitutional thrombophilic 
disorder. Blood 2004; 103:3695-9.

14. Qublan H, Amarin Z, Dabbas M, et al. Low-molecular-weight heparin 
in the treatment of recurrent IVF-ET failure and thrombophilia: a 
prospective randomized placebo-controlled trial. Hum Fertil (Camb)  
2008; 11:246-53.

15. Laskin CA, Spitzer KA, Clark CA, et al. Low molecular weight heparin 
and aspirin for recurrent pregnancy loss: results from the randomized,  
controlled HepASA Trial. J Rheumatol 2009; 36:279-87.

16. Mak A, Cheung MW, Cheak AA, Ho RC. Combination of heparin and aspirin 
is superior to aspirin alone in enhancing live births in patients with recurrent 
pregnancy loss and positive anti-phospholipid antibodies: a meta-analysis 
of randomized controlled trials and meta-regression. Rheumatology 
(Oxford) 2010; 49:281-8.

17. RCOG guideline 2003, Guideline No. 17. The investigation and treatment 
of couples with recurrent miscarriage. London: RCOG, 2003. 

18. Ruiz-Irastorza G, Khamashta MA, Hughes GR. Treatment of pregnancy loss 
in Hughes syndrome: a critical update. Autoimmun Rev 2002; 1:298-304.

19. Kutteh WH. Antiphospholipid antibody-associated recurrent pregnancy 
loss: treatment with heaprin and low dose aspirin is superior to low dose 
aspirin alone. Am J Obstet Gynecol 1996; 174:1584-9.

20. Rai R, Cohen H, Dave M, Regan L. Randomised controlled trial of aspirin 
and aspirin plus heparin in pregnant women with recurrent miscarriage 
associated with phospholipid antibodies (or antiphospholipid antibodies). 
BMJ 1997; 314:253-7.

21. Sanson BJ, Friederich PW, Simioni P, et al. The risk of abortion and stillbirth in 
antithrombin-, protein C-, and protein S-deficient women. Thromb Haemost 
1996; 75:387-8.

22. Geva E, Amit A, Lerner-Geva L, et al. Autoimmune disorders: another 
possible cause for in-vitro fertilization and embryo transfer failure. Hum 
Reprod 1995; 10:2560-3.

23. Grandone, E., Colaizzo, D., Lo Bue, A et al. Inherited thrombophilia and in 
vitro fertilization implantation failure. Fertil Steril 2001; 76:201-2.

24. Azem F, Many A, Ben Ami I, et al. Increased rates of thrombophilia in women 
with repeated IVF failure. Hum Reprod 2004; 19:368-70.

25. Kujovich JL. Thrombophilia and pregnancy complications. Am J Obstet 
Gynecol 2004; 191:412-24.

26. Chamley LW, Duncalf AM, Mitchell MD, Johnson PM. Action of 
anticardiolipin and antibodies to beta2-glycoprotein-I on trophoblast 
proliferation as a mechanism for fetal death. Lancet 1998; 352:1037-8.

27. Mak IY, Brosens JJ, Christian M, et al. Regulated expression of signal 
transducer and activator of transcription, Stat5, and its enhancement 
of PRL expression in human endometrial stromal cells in vitro. J Clin  
Endocrinol Metab 2002; 87:2581-8.

28. Quenby S, Mountfield S, Cartwright JE, et al. Antiphospholipid antibodies 
prevent extravillous trophoblast differentiation. Fertil Steril 2005;  
83:691-8.

29. Kwak-Kim JY, Chung-Bang HS, Ng SC, et al. Increased T helper 1 cytokine 
responses by circulating T cells are present in women with recurrent 
pregnancy losses and in infertile women with multiple implantation failures 
after IVF. Hum Reprod 2003; 18:767-73.

30. Geva E, Amit A, Lerner-Geva L, et al. Prednisone and aspirin improve 
pregnancy rate in patients with reproductive failure and autoimmune 
antibodies: a prospective study. Am J Reprod Immunol 2000; 43:36-40.

31. Fiedler K, Würfel W. Effectivity of heparin in assisted reproduction. Eur J 
Med Res 2004; 9:207-14.

32. Greer IA, Nelson-Piercy C. Low-molecular-weight heparins for 
thromboprophylaxis and treatment of venous thromboembolism in 
pregnancy: a systematic review of safety and efficacy. Blood 2005; 
106:401-7.

33. Di Nisio M, Peters L, Middeldorp S. Anticoagulants for the treatment of 
recurrent pregnancy loss in women without antiphospholipid syndrome. 
Cochrane Database Syst Rev 2005:CD004734.

34. Kovalevsky G, Gracia CR, Berlin JA, Sammel MD, Barnhart KT. Evaluation of 
the association between hereditary thrombophilias and recurrent pregnancy 
loss: a meta-analysis. Arch Intern Med 2004; 164:558-63.


