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Background

We performed a systematic review and meta-analysis to assess the efficacy and safety of heparin for preventing adverse obstetrical outcomes in pregnant women with antiphospholipid syndrome (APS).

Methods

We reviewed randomized controlled trials from CENTRAL, EMBASE, MEDLINE, and Web of science (inception to November 5 th 2019), and relevant article reference lists.

Two reviewers independently screened and extracted data from trials investigating heparin, including Low Molecular Weight Heparin (LMWH) and unfractionated heparin (UFH) at any dose, associated or not with aspirin, compared to any comparator group in pregnant women with APS. Internal validity was assessed in duplicate using the Cochrane Risk of Bias tool. The strength of evidence was assessed in duplicate using the Grading of Recommendations Assessment, Development and Evaluation framework.

Our primary outcome was live birth rate. Secondary outcomes included preeclampsia, preterm birth, intra-uterine growth restriction (IUGR) and thromboembolism. Safety outcomes included maternal or neonatal bleedings, heparin-induced thrombocytopenia and allergy. Subgroup analyses were conducted to explore heterogeneity.

Results

From 2395 identified citations, 13 trials (1916 patients) met inclusion criteria. Heparin, associated or not with aspirin, significantly increased the rate of live birth compared to any comparator (RR 1.20; 95% CI 1.09-1.33, I 2 =67%, 1916 patients, low-certainty evidence). In subgroup analyses, LMWH and UFH were independently associated with greater rates of live birth: RR 1.15 (95% CI 1.04-1.28, I 2 =71%, 1684 patients, 9 trials) and RR 1.45 (95% CI 1.16-1.81, I 2 =19%, 149 patients, 4 trials) respectively. Heparin associated or not to aspirin, significantly decreased the rate of preeclampsia compared to any comparator (RR 0.32; 95% CI 0.12-0.87, I 2 =0%, 465 patients, 8 trials) but was not associated with differential rates of preterm birth nor IUGR. Heparin was associated with minor bleeding (bruises, epistaxis): RR 2.58 (95% CI 1.03-6.43, I 2 =16%, 653 patients, 9 trials). No serious maternal or neonatal adverse events were reported in the included studies.

Conclusions

In pregnant women with APS, heparin, associated or not to aspirin, significantly improved the live birth rate compared to any comparator and decreased the risk of preeclampsia, without increasing maternal and neonatal severe morbidity.

INTRODUCTION

Antiphospholipid syndrome (APS) is an autoimmune disease characterised by recurrent arterial or venous thrombosis or pregnancy morbidity in association with persistent antiphospholipid antibodies. APS can occur as a primary condition, associated with systemic lupus erythematosus (SLE) or another systemic autoimmune disease. [START_REF] Miyakis | International consensus statement on an update of the classification criteria for definite antiphospholipid syndrome (APS)[END_REF] Obstetric APS is a complex condition that may affect both the mother and fetus throughout the entire pregnancy with high morbidity. Manifestations of obstetric APS include recurrent first-trimester miscarriage or features of ischaemic placental insufficiency, including late pregnancy complications such as preeclampsia, eclampsia, stillbirth, intrauterine growth restriction (IUGR), placental abruption and preterm delivery, also called the Great Obstetrical Syndromes. [START_REF] Kemp | Antiphospholipid syndrome in obstetrics[END_REF][START_REF] Brosens | The "Great Obstetrical Syndromes" are associated with disorders of deep placentation[END_REF] The pathophysiology of APS-related outcomes includes complement activation, placental bed inflammation and activation of cells including platelets, monocytes and endothelium to cause thrombosis. [START_REF] Harris | Syndrome of the black swan[END_REF][START_REF] Cervera | Antiphospholipid syndrome[END_REF][START_REF] Levine | The antiphospholipid syndrome[END_REF][START_REF] Rai | Antiphospholipid antibodies and beta 2-glycoprotein-I in 500 women with recurrent miscarriage: results of a comprehensive screening approach[END_REF] The prevalence of antiphospholipid antibodies is estimated to be 1 to 5% of the general population and around 2% in women with uncomplicated pregnancy. [START_REF] Ruiz-Irastorza | Antiphospholipid syndrome[END_REF] This increases to 25% in women with recurrent first-trimester miscarriage and to 10-20% in pregnancies with a Great Obstetrical Syndromes complication. [START_REF] Rai | Antiphospholipid antibodies and beta 2-glycoprotein-I in 500 women with recurrent miscarriage: results of a comprehensive screening approach[END_REF][START_REF] Cervera | Morbidity and mortality in the antiphospholipid syndrome during a 10-year period: a multicentre prospective study of 1000 patients[END_REF][START_REF] Arslan | Antiphospholipid syndrome: Diagnosis and management in the obstetric patient. Best practice & research Clinical obstetrics & gynaecology[END_REF] Overall, APS is observed in approximately 0.5% of pregnancies. [START_REF] Tektonidou | Management of thrombotic and obstetric antiphospholipid syndrome: a systematic literature review informing the EULAR recommendations for the management of antiphospholipid syndrome in adults[END_REF][START_REF] Schreiber | Managing antiphospholipid syndrome in pregnancy[END_REF] APS has been referred to as the most frequent acquired risk factor for a treatable cause of recurrent pregnancy loss. [START_REF] Arslan | Antiphospholipid syndrome: Diagnosis and management in the obstetric patient. Best practice & research Clinical obstetrics & gynaecology[END_REF][START_REF] Tektonidou | Management of thrombotic and obstetric antiphospholipid syndrome: a systematic literature review informing the EULAR recommendations for the management of antiphospholipid syndrome in adults[END_REF][START_REF] Schreiber | Managing antiphospholipid syndrome in pregnancy[END_REF] The current standard of treatment for APS during pregnancy is mainly relying on antithrombotic and antiaggregating agents. [START_REF] Arslan | Antiphospholipid syndrome: Diagnosis and management in the obstetric patient. Best practice & research Clinical obstetrics & gynaecology[END_REF] The use of combined aspirin and heparin [unfractionated heparin (UFH) or low molecular weight heparin (LMWH)] increases the live birth rate but it remains unclear what is the optimal combination to reduce treatment failures that can be as high as 20-30%. [START_REF] Kemp | Antiphospholipid syndrome in obstetrics[END_REF][START_REF] Rai | Antiphospholipid antibodies and beta 2-glycoprotein-I in 500 women with recurrent miscarriage: results of a comprehensive screening approach[END_REF] Previous systematic reviews addressed the efficacy of heparin or aspirin, individually or in combination, in pregnant women APS but the population studied was limited to the subgroup of women with recurrent pregnancy loss. [START_REF] Ziakas | Heparin treatment in antiphospholipid syndrome with recurrent pregnancy loss: a systematic review and meta-analysis[END_REF][START_REF] De Jong | Aspirin and/or heparin for women with unexplained recurrent miscarriage with or without inherited thrombophilia. The Cochrane database of systematic reviews[END_REF][START_REF] Empson | Prevention of recurrent miscarriage for women with antiphospholipid antibody or lupus anticoagulant. The Cochrane database of systematic reviews[END_REF][START_REF] Hamulyak | Aspirin or heparin or both for improving pregnancy outcomes in women with persistent antiphospholipid antibodies and recurrent pregnancy loss[END_REF] Given the uncertainties remaining regarding the use of heparin in prevention of the Great Obstetrical Syndromes complication related to obstetrical APS, we aim to assess the efficacy and safety of heparin (UFH and LMWH) for preventing adverse obstetrical outcomes in all pregnant women with APS.

MATERIALS AND METHODS

Review question

We conducted a systematic review and meta-analysis of randomized controlled trials assessing the effects of heparin (UFH and LMWH), alone or in combination with aspirin, in preventing adverse obstetrical outcomes in pregnant women with APS.

Study registration

The protocol has been designed and reported in accordance with the Cochrane Handbook for Systematic Reviews of Interventions [START_REF] Cumpston | Updated guidance for trusted systematic reviews: a new edition of the Cochrane Handbook for Systematic Reviews of Interventions[END_REF] and with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis guidelines (PRISMA-P) statement guidelines. [START_REF] Shamseer | Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation[END_REF] The protocol is registered in PROSPERO (CRD42020153749). Ethics approval was not required for this systematic review and meta-analysis.

Eligibility criteria

All randomized clinical trials (RCT) that compared heparin (including UFH or LWMH) to any comparator in pregnant women with APS were considered. Interventions include any heparin at any dose, associated or not with aspirin. Any comparator without heparin was accepted. We did not apply any language or date restrictions.

Studies published as abstract were included if sufficient data were available to determine study eligibility. If necessary, the authors of the abstract were contacted for further information.

Evaluation criteria

Our primary outcome was live birth rate. Secondary outcomes were for the mother: preeclampsia (definition according to original study), adverse events in the mother (definitions according to original study: bleeding, heparin-induced thrombocytopenia, allergic reactions) and thromboembolism. Neonatal outcomes include: preterm birth rate, intrauterine growth restriction (definition according to original study), adverse events in the child (definitions according to original study: congenital malformations, neonatal bleeding).

Search strategy

We searched MEDLINE, EMBASE, the Cochrane Central Register of Controlled Trials (CENTRAL) and Web of Science (WOS), from inception to November 5 th 2019, using a search strategy adapted for each database. Grey literature was also explored with WOS.

In addition, we hand-searched the reference lists of relevant reviews and included studies. Search filters were used to limit the results to RCT in MEDLINE, EMBASE and WOS. [START_REF] Glanville | How to identify randomized controlled trials in MEDLINE: ten years on[END_REF] The search strategy is shown in Supplemental Material (Appendix A) and was peer-reviewed according to the Peer Review of Electronic Search Strategies guidelines. [START_REF] Mcgowan | PRESS Peer Review of Electronic Search Strategies: 2015 Guideline Statement[END_REF] 

Study selection

We used EndNote TM X9, version 9, to merge retrieved citations and remove duplicates.

The remaining references were exported to a Microsoft® Excel database. Two authors (PG and AF) independently screened the titles and abstracts of potential studies.

Multiple reports from a same study were identified and combined. Next, the two reviewers (PG and AF) independently assessed the full text of each trial report, employing a standardized screening form that outlined the predetermined inclusion criteria. In case of disagreement, a third reviewer was consulted (EB).

Data extraction

Data were abstracted using a standardized, piloted form and entered into a Microsoft Excel™ database. Two reviewers (PG and AF) independently extracted data from individual trial reports, with disagreements resolved by a third reviewer (EB). An adapted data collection form was pilot-tested prior to data extraction. The following data were extracted: authors information, publication year, country, language, study design, patients and disease characteristics (sample size, age, diagnostic criteria, inclusion and exclusion criteria); study methods (randomization, allocation, blinding, and any other risk bias); interventions (types, dosages, duration)comparator; and outcomes (primary and secondary outcomes, adverse events). In case of missing information, corresponding authors were contacted twice.

Risk of bias assessment

Two independent reviewers (PG and AF) assessed the methodological quality of included trials using the Cochrane Collaboration's tool for assessing risk of bias. [START_REF] Higgins | The Cochrane Collaboration's tool for assessing risk of bias in randomised trials[END_REF] This tool comprises seven domains representing potential sources of bias. Studies were tagged as having a low risk of bias (low risk for all criteria with a maximum of one unclear risk), unclear risk of bias (unclear risk for two criteria with no high risk) or high risk of bias (high risk for at least one criterion). Any disagreements were settled by consulting another reviewer (EB). Information regarding methodological quality was used to explore sources of heterogeneity.

Quality of evidence

Publication bias was assessed by visual evaluation of funnel plots using RevMan. We applied the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach in order to grade the strength of the evidence for our primary outcome. [START_REF] Guyatt | GRADE: an emerging consensus on rating quality of evidence and strength of recommendations[END_REF] Assessment domains include internal validity (risk of bias), inconsistency, indirectness of evidence, imprecision of effect estimates and potential publication bias.

The strength of evidence is classified as "high," "moderate," "low," or "very low."

Statistical analysis

Mean and standard deviation were collected for continuous variables and proportions for dichotomous variables. Data were analyzed with Review Manager (RevMan®, for MAC, Version 5.3.5 Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) using random effects models (Mantel-Haenszel for binary outcomes and inverse variance for continuous outcomes), according to the DerSimonian-Laird method. We quantified statistical heterogeneity of the data using the I 2 test, interpreted as low from 0 to 40%, moderate from 30 to 60%, substantial from 50 to 90% and considerable from 75 to 100%. [START_REF] Higgins | Statistical heterogeneity in systematic reviews of clinical trials: a critical appraisal of guidelines and practice[END_REF] A p-value of <0.05 was considered significant.

A priori subgroup analyses were performed according to the type of heparin used (LMWH vs UFH), to the association of intervention with aspirin (heparin with aspirin compared to aspirin alone), to the risk of bias (low, unclear, high), and to the implementation of the International consensus statement of the classification criteria for the definition of APS in 2006. [START_REF] Miyakis | International consensus statement on an update of the classification criteria for definite antiphospholipid syndrome (APS)[END_REF] A posteriori sensibility analyses by excluding trials with other controls than aspirin and studies published as abstracts in order to explore the potential residual heterogeneity.

RESULTS

Of the 2395 citations identified from electronic and hand-searches, we included 13 unique trial reports [START_REF] Alalaf | Bemiparin versus low dose aspirin for management of recurrent early pregnancy losses due to antiphospholipd antibody syndrome[END_REF][START_REF] Bao | Use of D-dimer measurement to guide anticoagulant treatment in recurrent pregnancy loss associated with antiphospholipid syndrome[END_REF][START_REF] Cowchock | Repeated fetal losses associated with antiphospholipid antibodies: a collaborative randomized trial comparing prednisone with low-dose heparin treatment[END_REF][START_REF] Dendrinos | Low-molecular-weight heparin versus intravenous immunoglobulin for recurrent abortion associated with antiphospholipid antibody syndrome[END_REF][START_REF] Farquharson | Antiphospholipid syndrome in pregnancy: a randomized, controlled trial of treatment[END_REF][START_REF] Goel | The role of aspirin versus aspirin and heparin in cases of recurrent abortions with raised anticardiolipin antibodies. Medical science monitor : international medical journal of experimental and clinical research[END_REF][START_REF] Kutteh | Antiphospholipid antibody-associated recurrent pregnancy loss: treatment with heparin and low-dose aspirin is superior to low-dose aspirin alone[END_REF][START_REF] Laskin | Low molecular weight heparin and aspirin for recurrent pregnancy loss: results from the randomized, controlled HepASA Trial[END_REF][START_REF] Malinowski | Treatment outcome in women suffering from recurrent miscarriages and antiphospholipid syndrome[END_REF][START_REF] Rai | Randomised controlled trial of aspirin and aspirin plus heparin in pregnant women with recurrent miscarriage associated with phospholipid antibodies (or antiphospholipid antibodies)[END_REF][START_REF] Triolo | Randomized study of subcutaneous low molecular weight heparin plus aspirin versus intravenous immunoglobulin in the treatment of recurrent fetal loss associated with antiphospholipid antibodies[END_REF][START_REF] Van Hoorn | Low-molecular-weight heparin and aspirin in the prevention of recurrent early-onset preeclampsia in women with antiphospholipid antibodies: the FRUIT-RCT[END_REF][START_REF] Xiao | Effect of prednisone, aspirin, low molecular weight heparin and intravenous immunoglobulin on outcome of pregnancy in women with antiphospholipid syndrome[END_REF] that enrolled 1 916 patients. (Figure 1, Table 1) Publication year ranged from 1992 to 2017. The mean age of enrolled patients in individual trials ranged from 24 to 34 years. All trials were published in English-language journals, except one in polish. Six trials were conducted in European centers (UK [START_REF] Farquharson | Antiphospholipid syndrome in pregnancy: a randomized, controlled trial of treatment[END_REF][START_REF] Rai | Randomised controlled trial of aspirin and aspirin plus heparin in pregnant women with recurrent miscarriage associated with phospholipid antibodies (or antiphospholipid antibodies)[END_REF],

Italy [START_REF] Triolo | Randomized study of subcutaneous low molecular weight heparin plus aspirin versus intravenous immunoglobulin in the treatment of recurrent fetal loss associated with antiphospholipid antibodies[END_REF], Netherland [START_REF] Van Hoorn | Low-molecular-weight heparin and aspirin in the prevention of recurrent early-onset preeclampsia in women with antiphospholipid antibodies: the FRUIT-RCT[END_REF], Poland [START_REF] Malinowski | Treatment outcome in women suffering from recurrent miscarriages and antiphospholipid syndrome[END_REF], Greece [START_REF] Dendrinos | Low-molecular-weight heparin versus intravenous immunoglobulin for recurrent abortion associated with antiphospholipid antibody syndrome[END_REF]), two in the United States [START_REF] Cowchock | Repeated fetal losses associated with antiphospholipid antibodies: a collaborative randomized trial comparing prednisone with low-dose heparin treatment[END_REF][START_REF] Kutteh | Antiphospholipid antibody-associated recurrent pregnancy loss: treatment with heparin and low-dose aspirin is superior to low-dose aspirin alone[END_REF], one in Canada [START_REF] Laskin | Low molecular weight heparin and aspirin for recurrent pregnancy loss: results from the randomized, controlled HepASA Trial[END_REF], two in China [START_REF] Bao | Use of D-dimer measurement to guide anticoagulant treatment in recurrent pregnancy loss associated with antiphospholipid syndrome[END_REF][START_REF] Xiao | Effect of prednisone, aspirin, low molecular weight heparin and intravenous immunoglobulin on outcome of pregnancy in women with antiphospholipid syndrome[END_REF], one in Iraq [START_REF] Alalaf | Bemiparin versus low dose aspirin for management of recurrent early pregnancy losses due to antiphospholipd antibody syndrome[END_REF] and one in India [START_REF] Goel | The role of aspirin versus aspirin and heparin in cases of recurrent abortions with raised anticardiolipin antibodies. Medical science monitor : international medical journal of experimental and clinical research[END_REF]. Only one study included women with APS without history of recurrent miscarriage. [START_REF] Van Hoorn | Low-molecular-weight heparin and aspirin in the prevention of recurrent early-onset preeclampsia in women with antiphospholipid antibodies: the FRUIT-RCT[END_REF] APS definition was heterogeneous and only one trial used the International consensus statement of the classification criteria for definite of APS. Heparin was associated to aspirin in all trials except one [START_REF] Alalaf | Bemiparin versus low dose aspirin for management of recurrent early pregnancy losses due to antiphospholipd antibody syndrome[END_REF]. The comparator group included aspirin (in association or alone) in 11 trials [24-26, 28-33, 35, 36] and intravenous immunoglobulin (IVIG) in two trials [START_REF] Dendrinos | Low-molecular-weight heparin versus intravenous immunoglobulin for recurrent abortion associated with antiphospholipid antibody syndrome[END_REF][START_REF] Triolo | Randomized study of subcutaneous low molecular weight heparin plus aspirin versus intravenous immunoglobulin in the treatment of recurrent fetal loss associated with antiphospholipid antibodies[END_REF].

Table 1 summarized study characteristics. One full-text in polish could not be retrieved, but we had sufficient data in the abstract for the primary outcome [START_REF] Malinowski | Treatment outcome in women suffering from recurrent miscarriages and antiphospholipid syndrome[END_REF].

Risk of bias (Figure 2, Appendix B, additional Figure 5)

Details for the risk of bias of included studies are shown in Figure 2. Eight trials were classified at high-risk of bias [24, 27-31, 35, 36], four at low risk [START_REF] Bao | Use of D-dimer measurement to guide anticoagulant treatment in recurrent pregnancy loss associated with antiphospholipid syndrome[END_REF][START_REF] Cowchock | Repeated fetal losses associated with antiphospholipid antibodies: a collaborative randomized trial comparing prednisone with low-dose heparin treatment[END_REF][START_REF] Rai | Randomised controlled trial of aspirin and aspirin plus heparin in pregnant women with recurrent miscarriage associated with phospholipid antibodies (or antiphospholipid antibodies)[END_REF][START_REF] Triolo | Randomized study of subcutaneous low molecular weight heparin plus aspirin versus intravenous immunoglobulin in the treatment of recurrent fetal loss associated with antiphospholipid antibodies[END_REF] and one unclear [START_REF] Malinowski | Treatment outcome in women suffering from recurrent miscarriages and antiphospholipid syndrome[END_REF].

Primary outcome: live birth rate

All included trials reported live birth rate. Heparin, associated or not to aspirin, significantly increased the rate of live birth compared to any comparator (n= 1916, RR 1.20; 95% CI 1.09-1.33, I 2 =67%), as shown in Figure 3.

Subgroup analysis (Table 2)

LMWH and UFH were independently associated with greater rates of live birth: RR 1.24 (95% CI 1.18-1.30, I 2 =71%, n=1684, 9 trials) and RR 1.51 (95% CI 1.24-1.85, I 2 =19%, n=149, 4 trials) respectively. In 8 trials (n=1508), the effect of heparin and aspirin was compared with aspirin alone: 5 with LMWH and 3 with UFH. The association of heparin and aspirin was associated with increased rates of live birth (RR 1.26; 95% CI 1.19-1.33, I 2 =76%). In the low risk of bias trials, heparin was also significantly associated with greater rates of live birth (RR 1.31; 95% CI 1.19-1.43, I 2 =6%, n=906, 4 trials). Only on trial used the International consensus statement of the classification criteria for definite of APS. There is a substantial heterogeneity in the LMWH subgroups.

By excluding the 2 trials with other controls than aspirin (IVIG controls), heparin, associated or not to aspirin, significantly increased the rate of live birth (n=1798, RR 1.17 95% CI 1.06-1.29, I 2 =68%).

Secondary outcomes (Table 2)

Preterm birth

Heparin had no significant effect on the risk of preterm birth (RR 0.68; 95% CI 0.42-1.10, I 2 =0%, n=551, ten trials). For subgroup analyses, heparin was not associated with significant differences in preterm birth risk.

Preeclampsia (Figure 4) Heparin associated or not to aspirin, significantly decreased the rate of preeclampsia compared to any comparator (RR 0.34; 95% CI 0.13-0.90, I 2 =0%, n=465, 8 trials), and the decrease remained significant for UFH (RR 0.25; 95% CI 0.07-0.93, I 2 =0%, n=152, 4 trials) but not for other subgroup analyses, as shown in Table 2.

Intrauterine growth restriction (IUGR)

Heparin was not associated with differential rates of IUGR (RR 1.32; 95% CI 0.49-3.51, I 2 =0%, n=158, 5 trials), including in subgroup analyses.

Thromboembolism

In all trials included, no deep thromboembolism was observed so we could not perform meta-analysis about this outcome.

Safety outcomes

Heparin was associated with a significant increase in minor bleeding (bruises, epistaxis): RR 2.58 (95% CI 1.03-6.43, I 2 =16%, n=653, 9 trials). No serious maternal or neonatal adverse events were reported in both groups.

Publication bias and quality of evidence

Visual inspection of funnel plots suggested no significant publication bias for the primary outcome (no evidence of funnel plot asymmetry, Appendix B, additional figure 6).

Using the GRADE approach, we observed a low level of evidence for the association between heparin and increased live birth rate in pregnant women with APS. The grade of evidence was downgraded for the risk of bias, the indirectness of evidence (most studies limited to recurrent miscarriages), and inconsistency (heterogeneity of APS definition used in included studies).

DISCUSSION

Pregnancies with APS are at high-risk of first-trimester miscarriage, fetal death, preeclampsia and other adverse pregnancy outcomes. [START_REF] Kemp | Antiphospholipid syndrome in obstetrics[END_REF][START_REF] Ruiz-Irastorza | Antiphospholipid syndrome[END_REF][START_REF] Arslan | Antiphospholipid syndrome: Diagnosis and management in the obstetric patient. Best practice & research Clinical obstetrics & gynaecology[END_REF] The optimal management of APS in pregnant women is not currently known. The use of aspirin and heparin can have important consequences. This systematic review aimed to determine whether a specific combination of treatment using those two options should be favored.

Our results emphasize the interest of heparin for preventing adverse obstetrical outcomes in pregnant women with APS. Indeed, heparin, associated or not to aspirin, significantly increased the rate of live birth compared to any comparator and decreased the risk of preeclampsia. However, the results had a low level of evidence though the GRADE approach, notably because of heterogeneity and potential risk of bias.

No difference was observed between LMWH and UFH in prevention of obstetrical APS complications. Since LMWH is easier to administer than heparin, it is in the great majority of cases the drug of choice. The use of heparin was associated with significant minor maternal adverse effects as minor bleedings (bruises, epistaxis), related to the sub-cutaneous injection in the intervention group. No major maternal nor neonatal adverse outcome were reported.

We also observed a non-significant decrease of the risk of preterm birth. This may reflect the increase rate of live birth, resulting in a higher rate of preterm birth, rather than fetal loss. A recent systematic review addressed the efficacy of heparin or aspirin or both in pregnant women APS but were limited to the subgroup of women with recurrent pregnancy loss. [START_REF] Hamulyak | Aspirin or heparin or both for improving pregnancy outcomes in women with persistent antiphospholipid antibodies and recurrent pregnancy loss[END_REF] Authors found similar results in this population with an increased live birth rate with the combination of heparin with aspirin. [START_REF] Hamulyak | Aspirin or heparin or both for improving pregnancy outcomes in women with persistent antiphospholipid antibodies and recurrent pregnancy loss[END_REF] 

Strengths and Limitations

Strengths of our systematic review and meta-analysis include the implementation of a comprehensive, peer-reviewed search strategy with no language restriction; and the assessment of internal validity (risk of bias) and the strength of the evidence with GRADE methodology, and the formulation of a focused question; targeting clinically important efficacy and safety outcomes to inform best practice. Limitations of our study include the heterogeneity of APS definition used in included studies, a high proportion of included trials at high risk of bias and the small sample sizes of some included trials. The observed beneficial effect was driven by one large study, but their results were similar to other smaller studies. [START_REF] Bao | Use of D-dimer measurement to guide anticoagulant treatment in recurrent pregnancy loss associated with antiphospholipid syndrome[END_REF] 

Clinical implications and conclusions

Because of the discrepancy between studies and previous reviews, there is currently no uniform consensus on the management of pregnant women with APS. [START_REF] Arslan | Antiphospholipid syndrome: Diagnosis and management in the obstetric patient. Best practice & research Clinical obstetrics & gynaecology[END_REF] For instance, while the latest ACOG Practice Bulletin states that for APS patients without a history of thrombotic event allows for either clinical surveillance or prophylactic heparin in the antepartum period. [START_REF]Antiphospholipid syndrome[END_REF] In contrast, the European League Against Rheumatism (EULAR) recommends heparin prophylaxis and LDA in APS patients with recurrent miscarriage without previous thrombotic event. [START_REF] Andreoli | EULAR recommendations for women's health and the management of family planning, assisted reproduction, pregnancy and menopause in patients with systemic lupus erythematosus and/or antiphospholipid syndrome[END_REF] The use of aspirin is now globally recommended. [START_REF] Arslan | Antiphospholipid syndrome: Diagnosis and management in the obstetric patient. Best practice & research Clinical obstetrics & gynaecology[END_REF][START_REF] Loussert | Aspirin for prevention of preeclampsia and fetal growth restriction[END_REF] Aspirin initiated before 16 weeks of gestation reduced significantly the risk of preeclampsia, IUGR and perinatal death. [START_REF] Loussert | Aspirin for prevention of preeclampsia and fetal growth restriction[END_REF][START_REF] Bujold | Prevention of preeclampsia and intrauterine growth restriction with aspirin started in early pregnancy: a meta-analysis[END_REF] Roberge et al. observed that the benefits of aspirin was significant and optimal at a daily dose of 100 mg and the benefits was mainly targeted to the severe and preterm forms of preeclampsia (Roberge AJOG, Roberge AJP Roberge FDT). [START_REF] Roberge | Aspirin for the prevention of preterm and term preeclampsia: systematic review and metaanalysis[END_REF][START_REF] Roberge | Low-Dose Aspirin in Early Gestation for Prevention of Preeclampsia and Small-for-Gestational-Age Neonates: Meta-analysis of Large Randomized Trials[END_REF][START_REF] Roberge | Early administration of low-dose aspirin for the prevention of preterm and term preeclampsia: a systematic review and meta-analysis[END_REF] None of the included trials compared the impact of heparin to aspirin at a dose of 100 mg or more. Moreover, most trials did not report the rate of preterm or severe preeclampsia. Considering the adverse effects associated with heparin, we believe that a future trial evaluating the impact of heparin to aspirin at 100 mg or more daily should be considered.

The results of this systematic review and meta-analysis suggest that heparin, associated with aspirin, could be beneficial for increasing live birth rates and preventing adverse obstetrical outcomes in pregnant women with APS. Given the low level of evidence of the meta-analyses, we believe that further studies using standard definition of APS and larger sample sizes are warranted in women diagnosed with APS due to recurrent miscarriage and in women with APS and prior second-and third-trimester adverse outcomes. However, given the supposed effect on live birth rate, a trial that would not include heparin in the treatment of pregnant women with APS would be difficult to justify from an ethical point of view.

Funding sources had no role to play in the protocol conception, the research and this manuscript. TS=("Pregnancy" OR "Pregnancies" OR "Pregnant women" OR "Maternal" OR "Pregnant woman") AND TS=("Antiphospholipid" OR "Anti-phospholipid" OR "Antiphospholipid syndrome" OR "APS" OR "Thrombophilia")

#2 Intervention: Metronidazole TS=("Heparin" OR "Heparins" OR "LMWH" OR "Low-Molecular-Weight Heparin" OR "anticoagulation" OR "anticoagulant" OR "anticoagulants" OR "deltaparin" OR "enoxaparin" OR "antiplatelet") 

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Table 2 Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 
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Table 1 :

 1 Study characteristics

		Participant (n)			
	Trial (Year)	Intervention /	Inclusion criteria	Intervention group	Control
		Control			
			≥ 2 pregnancy losses		
	Alalaf (2012)[24]	80 / 61	before 20 weeks and 2 separate APL antibodies 8 weeks	LMWH (Bemiparin) 2500 U at diagnosis of pregnancy until delivery	Aspirin 100mg
			apart		
	Bao et al. (2017)[25]	497 / 518	≥ 2 pregnancy losses before 20 weeks and 2 separate APL apart antibodies 12 weeks	LMWH (Nadroparin) weeks + Aspirin 75mg 4100 U at diagnosis of pregnancy until 35	Aspirin 75mg
	Cowchock et al. (1992)[26]	12 / 8	≥ 2 pregnancy losses before 20 weeks and 2 separate APL antibodies 6 weeks apart	UFH 10000 x 2/d after exclusion of ectopic pregnancy until delivery + Aspirin 80mg	Aspirin 80 mg + Prednisone 20mg x2/d
			≥ 3 pregnancy losses	LMWH (Tinzaparin)	
	Dendrinos et		before 10 weeks and 2	4500 U at diagnosis of	IVIG
	al.	40 / 38	separate APL	pregnancy until 38	sandoglobulin
	(2009)[27]		antibodies 6 weeks	weeks + aspirin 75mg	400 mg/kg
			apart	until 32 weeks	
			> 2 pregnancy losses		
			before 10 weeks or 2		
	Farquharson		losses with proven	LWMH 5000 U at	
	et al.	51 / 47	fetal death after 10	diagnosis of pregnancy	Aspirin 75mg
	(2002)[28]		weeks and 2 separate	+ aspirin 75mg	
			APL antibodies 6		
			weeks apart		
			≥ 2 first or second	UFH 5000 x 2/d at	
	Goel et al. (2006)[29]	33 / 39	trimester pregnancy losses and APL	diagnosis of pregnancy until 36 weeks + aspirin	Aspirin 80mg
			antibodies	80 mg	
	Kutteh (1996)[30]	25 / 25	≥ 3 pregnancy losses and 2 separate APL antibodies	UFH 5000 x 2/d at 81mg diagnosis of pregnancy until delivery + aspirin	Aspirin 81mg
			≥ 2 pregnancy losses	LMWH (Dalteparin) at	
	Laskin et al. (2009)[31]	22 / 20	before 32 weeks and APL antibodies or an	diagnosis of pregnancy until delivery + aspirin	Aspirin 81mg
			inherited thrombophilia	81mg	
	Malinowski et al. (2003)[32]	53 / 56	Recurrent pregnancy loss and APL antibodies	LMWH 20g + Aspirin 75mg	Aspirin 75mg
	Rai et al. (1997)[33]	45 / 45	≥ 3 pregnancy losses and 2 separate APL apart antibodies 8 weeks	UFH 5000 U x 2/d at + aspirin 75mg diagnosis of pregnancy	Aspirin 75mg
	Triolo et al. (2003)[34]	19 / 21	≥ 3 pregnancy losses before 10 weeks and 2 separate APL antibodies 12 weeks apart	LMWH (Seleparina) 5700 U at diagnosis of pregnancy until 37 weeks + aspirin 75mg	IVIG 400 mg/kg/day for 2 consecutive days then monthly dose

Table 2 :

 2 Summary of findings

	Outcomes	Subgroup	Trials (n)	Participant (n) Treatment Control	RR or mean [95% CI]	I 2
	Live birth		13	935	981	1.20 [1.09-1.33]	67%
		Any Heparin + aspirin	8	742	766	1.26 [1.19-1.33]	76%
	Heparin + aspirin vs aspirin alone	LMWH + aspirin	5	639	657	1.22 [1.16-1.29]	81%
		UFH + aspirin	3	103	109	1.58 [1.28-1.96]	0%
	Type of heparin	LMWH UFH	9 4	820 115	864 117	1.24 [1.18-1.30] 1.51 [1.24-1.85]	71% 19%
		Low	4	573	592	1.31 [1.19-1.43]	6%
	Risk of bias	High	8	309	333	1.04 [0.92-1.17]	24%
		Unclear	1	53	56	1.19 [1.03-1.37]	64%
	Preterm birth		10	297	254	0.68 [0.42-1.10]	0%
	Heparin + aspirin vs aspirin alone	Any Heparin + aspirin	5	134	104	0.94 [0.51-1.73]	0%
	Type of heparin	LMWH UFH	6 4	209 88	194 60	0.58 [0.26-1.28] 0.66 [0.30-1.45]	0% 41%
		Low	3			0.49 [0.18-1.33]	59%
	Risk of bias	High	7			0.68 [0.35-1.34]	0%
		Unclear	-				-
	Preeclampsia		8	241	224	0.34 [0.12-0.87]	0%
	Heparin + aspirin vs aspirin alone	Any Heparin + aspirin	4	94	70	0.32 [0.08-1.23]	0%
	Type of heparin	LMWH UFH	4 4	151 90	162 62	0.44 [0.09-2.06] 0.25 [0.07-0.93]	0% 0%
		Low	3	58	39	0.11 [0.01-1.05]	0%
	Risk of bias	High	5	183	185	0.44 [0.14-1.41]	0%
		Unclear					-
	IUGR		5	124	134	1.32 [0.49-3.51]	0%
	Heparin + aspirin vs aspirin alone	Any Heparin + aspirin	4	83	51	1.63 [0.53-5.05]	0%
	Type of heparin	LMWH UFH	3 2	72 52	104 30	1.08 [0.31-3.74] 1.81 [0.34-9.66]	0% 0%
		Low	1	32	19	1.86 [0.18-19.30]	-
	Risk of bias	High	4	92	115	1.21 [0.41-3.60]	0%
		Unclear	-				
	Adverse events		9	313	340	2.58 [1.03-6.43]	16%
	Type of heparin	LMWH UFH	5 4	200 113	223 117	1.64 [0.51-5.26] 5.09 [1.06-24.54]	59% 0%
	LMWH: low-molecular-weight heparin, RR: relative risk, UFH: unfractionated heparin.	

Table 3 : Search strategy for Medline (via Pubmed) (results from November 5 th 2019)

 3 

	Number	Concept	Search strategy	Results
			#1 Pregnancy [Title/Abstract] OR Pregnancies
			[Title/Abstract]	OR	Pregnant	women
			[Title/Abstract] OR Maternal [Title/Abstract] OR
			Pregnant	woman	[Title/Abstract]	OR
		Population:	"Pregnancy"[Mesh] OR "Pregnant Women"[Mesh]
	#1	Pregnant women + APL	AND #2 Antiphospholipid [Title/Abstract] OR Anti-	5 617
		syndrome	phospholipid [Title/Abstract] OR Antiphospholipid
			syndrome [Title/Abstract] OR APS [Title/Abstract]
			OR	Thrombophilia	[Title/Abstract]	OR
			"Antiphospholipid	Syndrome"[Mesh]	OR
			"Antibodies, Antiphospholipid"[Mesh]
			Heparin	[Title/Abstract]	OR	Heparins
			[Title/Abstract] OR LMWH [Title/Abstract] OR
			Low-Molecular-Weight Heparin [Title/Abstract]
			OR	anticoagulation	[Title/Abstract]	OR
	#2	Intervention: Heparin	anticoagulant [Title/Abstract] OR anticoagulants [Title/Abstract] OR deltaparin [Title/Abstract] OR	208 761
			enoxaparin [Title/Abstract] OR antiplatelet
			[Title/Abstract] OR "Heparin, Low-Molecular-
			Weight"[Mesh] OR "Anticoagulants"[Mesh] OR
			"Heparin"[Mesh]
			#1.	Randomized controlled trial [Publication
			type] OR controlled clinical trial [Publication type]
			OR randomized [Title/Abstract] OR placebo
	#3	Randomized controlled trials	[Title/Abstract] OR drug therapy [subheading] OR randomly [Title/Abstract] OR trial [Title/Abstract]	4 006 149
			OR groups [Title/Abstract]
			#2.	"animals"[Mesh] NOT "humans"[Mesh]
			#3.	#1 NOT #2
	#1 AND			
	#2 AND				1126
	#3			

Table 4 : Search strategy for Embase (results from November 5 th 2019)

 4 

	Number Concept	Search strategy	Results
			'pregnancy':ab,ti OR 'pregnancies':ab,ti OR 'pregnant	
			women':ab,ti OR 'maternal':ab,ti OR 'pregnant woman':ab,ti	
		Population:	AND	
	#1	Pregnant	'antiphospholipid':ab,ti OR 'anti-phospholipid':ab,ti OR	7 159
		women + APS	'antiphospholipid syndrome':ab,ti OR 'aps':ab,ti OR	
			'thrombophilia':ab,ti	
			'heparin':ab,ti OR 'heparins':ab,ti OR 'lmwh':ab,ti OR 'low-	
	#2	Intervention: Heparin	molecular-weight heparin':ab,ti OR 'anticoagulation':ab,ti OR 'anticoagulant':ab,ti OR 'anticoagulants':ab,ti OR	244 962
			'deltaparin':ab,ti OR 'enoxaparin':ab,ti OR 'antiplatelet':ab,ti	
			'clinical trial'/de OR 'randomized controlled trial'/de OR	
			'randomization'/de OR 'single blind procedure'/de OR	
			'double blind procedure'/de OR 'crossover procedure'/de OR	
	#3	Randomised controlled trials	'placebo'/de OR 'prospective study'/de OR (randomi?ed 'random allocation':ab,ti OR 'randomly allocated':ab,ti OR NEXT/1 controlled NEXT/1 trial):ab,ti OR rct:ab,ti OR	2 599 862
			'allocated randomly':ab,ti OR (allocated NEAR/2	
			random):ab,ti OR ((single OR double OR treble OR triple)	
			NEXT/1 blind*):ab,ti OR placebo*:ab,ti	
	#1 AND			
	#2 AND			697
	#3			

Table 5 : Search strategy for CENTRAL (results from November 5 th 2019)
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	Number Concept	Search strategy		Results
			Title/Abstract	
		Population:	Pregnancy OR Pregnancies OR Pregnant women OR
	#1	Pregnant	Maternal OR Pregnant woman
		women + APS	AND	
			Antiphospholipid	OR	Anti-phospholipid	OR
			Antiphospholipid syndrome OR APS OR Thrombophilia
			Title/Abstract	
	#2	Intervention: Heparin	Heparin OR Heparins OR LMWH OR Low-Molecular-Weight Heparin OR anticoagulation OR anticoagulant OR
			anticoagulants OR deltaparin OR enoxaparin OR
			antiplatelet	
	#1 AND #2				242

Table 6 : Web of science (results from November 5 th 2019)

 6 

	Number Concept	Search strategy	Results
		Population:	
	#1	Pregnant	
		women	

  Risk of bias across studies15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting within studies).RESULTSStudyselection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each stage, ideally with a flow diagram. For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and provide the citations. Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

	Section/topic		# Checklist item		Reported on page #
					7
	Additional analyses	16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating which were pre-specified.	7-8
					8 +
					flowchart
	Study characteristics	18 8 +table 1
				189 680	
			TS=("clinical trial" OR "randomization" OR "crossover		
		Randomised	procedure" OR "placebo" OR "prospective study" OR		
	#3	controlled trials	(randomi$ed NEAR/1 "controlled trial") OR "rct" OR (allocat* NEAR/2 random*) OR ((single OR double OR	862 978	29
			treble OR triple) NEAR/1 blind*))		
	#1 AND #2 AND #3		330	

Table 2

 2 Risk of bias across studies22 Present results of any assessment of risk of bias across studies (seeItem 15).Additional analysis 23Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [seeItem 16]).DISCUSSIONSummary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key groups (e.g., healthcare providers, users, and policy makers). 16 Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of identified research, reporting bias). 16 Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.

	Figure 2
	N/A

Funding: This study was funded by the Jeanne-et-Jean-Louis-Lévesque Perinatal Research Chair at Université Laval. Prof. Emmanuel Bujold holds a Clinician Scientist award from Fonds de recherche du Québec -Santé (FRQS), Québec, Canada and Dr Paul Guerby holds a postdoctoral Award from the FRQS and the Institut National de la Santé et de la Recherche Médicale (INSERM). Alexandre Fillion holds master scholarships from the Canadian Institutes of Health Research (CIHR) and the FRQS. Sarah O'Connor holds a doctoral scholarship from the FRQS (2019-2020) and the CIHR (2020-2024).

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, language, publication status) used as criteria for eligibility, giving rationale.

4-5

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional studies) in the search and date last searched.

5 Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.

Appendix

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, included in the meta-analysis).

5-6

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for obtaining and confirming data from investigators.

6

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and simplifications made.

Risk of bias in individual studies

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at the study or outcome level), and how this information is to be used in any data synthesis.

7

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means).

7

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g., I 2 ) for each meta-analysis.

7