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Abstract

Background: Placenta-mediated pregnancy complications include pre-ec-

lampsia, late pregnancy loss, placental abruption, and the small-for-ges-

tational age newborn. They are leading causes of maternal, fetal, and ne-

onatal morbidity and mortality in developed nations. Women who have 

experienced these complications are at an elevated risk of recurrence in 

subsequent pregnancies. However, despite decades of research no effec-

tive strategies to prevent recurrence have been identified, until recently. 

We completed a pooled summary-based meta-analysis that strongly sug-

gests that low-molecular-weight heparin reduces the risk of recurrent 

placenta-mediated complications. The proposed individual patient data 

meta-analysis builds on this successful collaboration. The project is called 

affirm, An individual patient data meta-analysis oF low-molecular-weight 

heparin For prevention of placenta-medIated pRegnancy coMplications.

Methods/Design: We conducted a systematic review to identify randomized 

controlled trials with a low-molecular-weight heparin intervention for the 

prevention of recurrent placenta-mediated pregnancy complications. In-

vestigators and statisticians representing eight trials met to discuss the 

outcomes and analysis plan for an individual patient data meta-analysis. 

An additional trial has since been added for a total of nine eligible trials. 

The primary analyses from the original trials will be replicated for quality 

assurance prior to recoding the data from each trial and combining it into 

a common dataset for analysis. Using the anonymized combined data we 

will conduct logistic regression and subgroup analyses aimed at identi-

fying which women with previous pregnancy complications benefit most 

from treatment with low-molecular-weight heparin during pregnancy.

Discussion: The goal of the proposed individual patient data meta-analysis 

is a thorough estimation of treatment effects in patients with prior in-

dividual placenta-mediated pregnancy complications and exploration of 

which complications are specifically prevented by low-molecular-weight 

heparin.

Systematic review registration: prospero (International Prospective Registry 

of Systematic Reviews) 23 December 2013, crd42013006249
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tion. Recent randomized controlled trials (rcts) conducted to determine if 

lmwh can prevent recurrent placenta-mediated pregnancy complications 

suggest an important treatment effect,20-24 but this finding has not been 

universal.25

Although it appears that lmwh is a promising therapy in the prevention of 

placenta-mediated pregnancy complications, there are disadvantages to 

the premature adoption of this intervention without sufficient evidence of 

benefit. If lmwh is used universally for all women with prior placenta-me-

diated pregnancy complications, we may be intervening unnecessarily and 

exposing women to a risk of undesirable and potentially fatal, albeit rare, 

side effects (major bleeding, heparin-induced thrombocytopenia, osteo-

porotic fractures, withholding of epidural analgesia due to fear of causing 

epidural hematoma, and paralysis).26/27 Less serious side effects including 

skin reactions, minor bleeding, and transient elevations in liver enzymes 

are more commonly experienced.28/29 Therapy is also associated with cost 

and inconvenience since the drug is expensive and is administered by in-

jection either once or twice a day. Therefore, it is necessary to answer the 

question as to who benefits from lmwh prophylaxis during pregnancy and 

to determine the nature and magnitude of these benefits more precise-

ly. The individual patient data meta-analysis (ipdma) has the potential to 

answer these important questions and determine the risk/benefit ratio of 

therapy for various subgroups of women.

The composite outcome, including all placenta-mediated pregnancy com-

plications, that is used in many rcts is heterogeneous and not all indi-

vidual outcomes can be considered equally serious in terms of potential 

consequences for the mother and newborn. For example, late term pre-ec-

lampsia is clinically less worrisome since the symptoms tend to be less 

severe and generally resolve with delivery. Conversely, women who devel-

op pre-eclampsia earlier in the pregnancy have more serious clinical con-

sequences including a greater risk of maternal and neonatal death. Our 

pooled summary meta-analysis suggests that lmwh may prevent severe 

pre-eclampsia and early pre-eclampsia with less of an effect on late onset 

pre-eclampsia.1 Confirmation of these findings is extremely important for 

clinicians treating these women and has direct relevance for clinical prac-

tice worldwide.

There are many challenges associated with recruiting pregnant women to 

rcts with a drug intervention including: the biases of clinicians either for 

or against the therapy (based on insufficient evidence of benefit and lack of 

knowledge about potential risk); the concerns of the pregnant woman and 

her family about the health and safety of the mother and baby; and the 

Background

Placenta-mediated pregnancy complications include pre-eclampsia (pe), 

late pregnancy loss, placental abruption and the small-for-gestational age 

(sga) newborn. We completed a pooled summary-based meta-analysis 

that strongly suggests that low-molecular-weight heparin (lmwh) reduces 

the risk of placenta-mediated complications in subsequent pregnancies.1

A successful pregnancy requires the development of adequate placental 

circulation. It has been hypothesized that thrombosis in the placental bed 

is at least partially responsible for placenta-mediated pregnancy compli-

cations.2-4 It has also been suggested that these complications are the re-

sult of abnormal placental development with underdeveloped placental 

vasculature or placental inflammation.5/6 These complications represent 

an important health problem because they are common, affecting more 

than one in six pregnancies,7 and often have a devastating outcome for the 

affected women, their unborn children, their families, and society. Specifi-

cally, pe (characterized by a new onset of elevated blood pressure and pro-

teinuria during pregnancy) is one of the most common causes of maternal 

mortality in the developed world.8-11 sga newborns often suffer longterm 

effects including developmental delay, poor school performance, and a sig-

nificantly lower likelihood of academic and professional success.12-14 Fetal 

loss is a devastating event for pregnant women and their families. Placen-

tal abruption (separation of the placenta from the uterus before birth) can, 

in the most severe cases, lead to maternal hemorrhage with the risk of 

transfusion and both maternal and fetal death.

The risk of recurrent placenta-mediated pregnancy complications in sub-

sequent pregnancies is substantial. For example, women with prior se-

vere pe will have a 25 to 65% risk of recurrent pe, a 3% risk of placental 

abruption, and a 10% risk of sga (<10th percentile).15/16 These complica-

tions may be multiple (for example both pe and sga) and not isolated to 

the placenta-mediated complication experienced in a prior pregnancy.15/17 

There are no highly effective preventative strategies that can be used in 

subsequent pregnancies. Aspirin offers small relative risk reductions in 

patients with prior pe and sga, however, it may be more effective at reduc-

ing risk (approximately a 40% reduction) if started early in the pregnancy 

(before 16 weeks).18/19 There are no proven preventative strategies for the 

other complications. It has been postulated that anticoagulants might pre-

vent placenta-mediated pregnancy complications by reducing placental 

thrombosis and/or affecting maternal coagulation activation or inflamma-
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table i - Previously identified trials that meet the inclusion criteria for affirm.

asa, aspirin; ga, gestational age; ipdma, individual patient data meta-analysis; ipdma, individual

patient data meta-analysis; pe, pre-eclampsia; rct, randomized controlled trial; sb, stillbirth; sga, 

small-for-gestational age. Trial Names: tipps = Thrombophilia In Pregnancy Prophylaxis Study 

*accepted for publication in the Lancet. fruit = Fractionated heparin in pregnant women with a 

history of Utero-placental Insufficiency and Thrombophilia. noh-ap = Nîmes Obstetricians and 

HAematologist – abruptio placentae. noh-pe = Nîmes Obstetricians and HAematologist – pre-ec-

lampsia. happy = Heparin in pregnant women with Adverse Pregnancy outcome to improve the 

rate of successful PregnancY.

demands during pregnancy of attending additional appointments and in-

vestigations associated solely with study participation.1 Furthermore, the 

pharmaceutical industry often excludes pregnant women from trials due 

to liability concerns. As a result, there is a dearth of rcts evaluating lmwh 

in this population compared to other patient groups (such as oncology or 

orthopedic surgery). Those rcts that do exist are all academically driven 

and may not have the same financial and human resources that are avail-

able to trials that are sponsored by the pharmaceutical industry. Therefore, 

meta-analysis is an essential tool that allows for greater statistical power 

by pooling the existing small rcts evaluating lmwh for the prevention of 

placenta-mediated pregnancy complications.

Our recent pooled summary-based meta-analysis of six rcts (table i) in-

cluded 848 pregnant women with a history of pre-eclampsia, a sga neo-

nate (<10th percentile), placental abruption, or late pregnancy loss (more 

than 12 weeks gestation) in a previous pregnancy.1 The primary finding was 

that 67 out of 358 (18.7%) women taking lmwh during pregnancy had re-

current severe placenta-mediated pregnancy complications, as compared 

with 127 out of 296 (42.9%) women with no lmwh (relative risk reduction 

48% (95% ci 14 to 68%; (I2 69%). However, since the meta-analysis results 

apply to a heterogeneous group of women with a mixture of placenta-me-

diated pregnancy complications of varying prior severity and the primary 

outcome for the meta-analysis was a composite of all placenta-mediated 

complications (also of varying severity), it is not clear which subgroups of 

women derive the most benefit from lmwh (which outcomes are reduced 

and which severity of outcomes are impacted). Before recommendations 

for clinical practice can be advocated, it is necessary to conduct more de-

tailed analyses of the existing data to determine potential benefits for sub-

groups of women, to adjust for important baseline characteristics of par-

ticipants, and to explore other treatment-related reasons for the reported 

heterogeneity (for example specific lmwh drug (dalteparin, nadroparin 

or enoxaparin), lmwh dose, gestational age when drug was initiated, and 

co-interventions such as concomitant asa use).
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or recoded for the common dataset and no statistical analyses have been 

performed; these steps are outlined in the future tense.

Systematic review

Electronic search strategies were developed and tested through an iterative 

process by an experienced medical information specialist in consultation 

with the review team. The strategy was peer-reviewed prior to execution 

by an experienced information specialist using the Peer Review of Elec-

tronic Search Strategies (press) checklist.34 The following search was con-

ducted in May 2013: using the ovid platform, we searched Ovid medline™, 

Ovid medline™ In-Process & Other Non-Indexed Citations, and Embase-

Classic+Embase (strategy included as Additional file 1). We also searched 

the Cochrane Library on Wiley (including central, Cochrane Database of 

Systematic Reviews, dare, and hta). ClinicalTrials.gov and the who Inter-

national Clinical Trials Registry were searched to identify relevant in-pro-

cess and completed trials. Strategies utilized a combination of controlled 

vocabulary (such as ‘hypertension, pregnancy-induced’, ‘placental insuf-

ficiency’, ‘heparin, low-molecular-weight’) and keywords (pre-eclamp-

sia, abruption, and lmwh). Vocabulary and syntax were adjusted across 

databases. Animal studies were excluded but there were no language or 

date restrictions on any of the searches. We sought additional references 

through hand-searching the bibliographies of relevant items. Search re-

sults are summarized in a preferred reporting items for systematic reviews 

and meta-analyses (prisma) diagram (figure i) and details of potentially 

eligible trials are provided in table ii and iii.

ipdma has been proposed as an advantageous methodological approach 

when subgroup analyses are hypothesized to be clinically relevant. Ana-

lyzing original data from individual patients makes use of a much richer 

dataset and has greater statistical power than conventional meta-analy-

sis.31/32 Furthermore, for this project, ipdma will allow for adjustment for 

covariates that are known to be important in the recurrence of placen-

ta-mediated pregnancy complications. Such an analysis will also enable us 

to explore clinical, methodological, and statistical heterogeneity more ro-

bustly. ipdma is an attractive method to answer our study questions since 

it ‘dramatically and consistently’ has more power to detect interactions 

between risk groups.33

Methods/Design

Research questions

The primary research question is: Which women with previous placen-

ta-mediated pregnancy complications have a reduction in the risk of fu-

ture complications when treated with lmwh during pregnancy? Secondary 

research questions are: Which of the placenta-mediated pregnancy com-

plications are avoided? Are severe and/or early onset or non-severe and/

or late onset complications avoided? Does lmwh cause major bleeding in 

women with prior placenta-mediated pregnancy complications? And, are 

any other side effects increased by lmwh use in women with prior placen-

ta-mediated pregnancy complications (thrombocytopenia, osteoporotic 

fractures or allergic reactions)?

The proposed project is called affirm (An individual patient data me-

ta-analysis oF low-molecular-weight heparin For prevention of placen-

ta-medIated pRegnancy coMplications), prospero registration number: 

crd42013006249. We will synthesize individual patient data from rcts of 

lmwh for the prevention of recurrent placenta-mediated pregnancy com-

plications. The overall objective of the meta-analysis is to directly inform 

clinical practice and the development of clinical practice guidelines. The 

study is coordinated by the Clinical Epidemiology Program at the Otta-

wa Hospital Research Institute. Conceptually, the research approach in-

volves four sequential phases: a systematic review, knowledge synthesis 

planning, data extraction and analysis, and interpretation of results and 

knowledge translation. The first two phases have been completed and are 

therefore described below in the past tense. No data have been extracted 
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table ii - Potentially eligible published trials identified by affirm’s systematic review.

asa, aspirin; ga, gestational age; hellp, hellp syndrome (hemolysis, elevated liver enzymes, low

platelet count); ipdma, individual patient data meta-analysis; iugr, intrauterine growth restric-

tion; pe, pre-eclampsia; sb, stillbirth; sga, small-for-gestational age. Trial titles: spin = Scottish 

Pregnancy Intervention Study. Hepasa = Low Molecular Weight Heparin and Aspirin in the Treat-

ment of Recurrent Pregnancy Loss. alife = Anticoagulants for Living Fetuses. habenox = Low Mo-

lecular Weight Heparin and/or Aspirin in Prevention of Habitual Abortion. ethig ii = Effectiveness 

of Dalteparin Therapy as Intervention in Recurrent Pregnancy Loss *final results in preparation 

for publication.

figure i - prisma flow diagram of affirm’s systematic review.

ipd, individual patient data; ipdma, individual patient data meta-analysis; prisma, preferred re-

porting items for systematic reviews and meta-analyses.
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Inclusion criteria

rcts with an lmwh intervention for the prevention of recurrent placen-

ta-mediated pregnancy complications were eligible. The study population 

of interest included currently pregnant women with prior pregnancies 

complicated by one or more of the following: pe, placental abruption, sga 

newborn (<10th percentile), pregnancy loss after 16 weeks gestation or 

two losses after 12 weeks gestation. The principal investigators of poten-

tially eligible trials identified by the systematic review (see table i, ii and 

iii) were contacted via email to request additional information about the 

study population. Once eligibility was confirmed, investigators were invit-

ed to participate in the ipdma and attend the affirm project planning meet-

ing. The lead investigators of the largest and most recently completed tri-

als agreed to contribute individual patient data to this collaboration. Data 

from two small trials22/41 were not included because the investigators did 

not respond; in one of these trials only a small proportion of the total study 

population would have been eligible to contribute data to affirm.34 Some of 

the women in the Scottish Pregnancy Intervention Study (spin) trial would 

have been eligible for inclusion in affirm, however, the trial database does 

not include sufficient detail about the timing of previous pregnancy losses 

to determine the eligibility of individual participants.35

Knowledge synthesis planning

A crucial step in the success of the project was the development of the 

knowledge synthesis and knowledge translation plans. A full-day review 

team meeting was held in Amsterdam on 4 July 2013. The purpose was 

to allow for extensive discussion and consensus-reaching on important 

study variables and outcomes and to consider strategies for merging the 

existing datasets in a centralized database. Participants included the prin-

cipal investigators of the included rcts and statisticians with in-depth 

knowledge of the trial data. The principal investigators are all practising 

clinicians (obstetricians and hematologists) who are also knowledge users 

in this clinical area.

table iii - Potentially eligible registered trials identified by affirm’s systematic review.

asa, aspirin; ipdma, individual patient data meta-analysis; iugr, intrauterine growth restriction;

pe, pre-eclampsia; sga, small-for-gestational age. Trial names: eppi = Enoxaparin for the Preven-

tion of Preeclampsia and Intrauterine growth restriction. hepepe = Prevention of Maternal and 

Perinatal Complications by Enoxaparin in Women With Previous Severe Preeclampsia (original 

title is French). hoppe = Low Weight Heparin prOphylaxis for Placental Mediated Complications 

of PrEgnancy.
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range of normal), and platelets <100 × 109/l. Preterm delivery <34 weeks 

and <37 weeks are pre-specified outcomes. A perinatal loss is any fetal or 

neonatal death at over 20 weeks gestational age and less than or equal to 

28 days post-partum and neonatal mortality is considered any neonatal 

death after birth and less than or equal to 28 days post-partum. Birth of a 

small-for-gestational age newborn <10th percentile is determined based 

on local gender and gestational age specific birth weight charts.

Adverse maternal outcomes include thrombocytopenia, defined as a plate-

let count <75,000 × 109/l, and bleeding outcomes at various time points. 

Antepartum major bleeding is defined using the criteria proposed by the 

International Society on Thrombosis and Haemostasis (isth).36 That is, 

clinical or radiological evidence of bleeding with at least one of the follow-

ing criteria: associated with a fall in hemoglobin of 2 g/dl (1.24 mmol/l) or 

more; or a requirement for transfusion of two or more units of red blood 

cells or whole blood; or symptomatic bleeding occurring in a critical site: 

intracranial, intraspinal, intraocular, pericardial, intra-articular, intramus-

cular with compartment syndrome, or retroperitoneal, or was considered 

to have contributed to maternal death. Peripartum major bleeding is hem-

orrhage occurring after the onset of labour or start of surgical delivery and 

within 24 hours postpartum that meets at least one of the following: ne-

cessitating a surgical procedure, or associated with a fall in hemoglobin 

of 4 g/dl (2.48 mmol/l) or more, or a requirement for transfusion of two 

or more units of red blood cells or whole blood, or estimated peripartum 

blood loss >1000 ml, or considered to have contributed to maternal death. 

Peripartum minor bleeding is hemorrhage occurring after the onset of la-

bour or start of surgical delivery and within 24 hours postpartum that does 

not meet any criterion above and with estimated peripartum blood loss 

between 500 and 1000 ml. Postpartum major bleeding is clinical or radio-

logical evidence of bleeding occurring between 24 hours and 6 weeks post-

partum and meeting at least one of the following isth criteria: associated 

with a fall in hemoglobin of 2 g/dl (1.24 mmol/l) or more, or a requirement 

for transfusion of two or more units of red blood cells or whole blood, or 

symptomatic bleeding occurring in a critical site: intracranial, intraspinal, 

intraocular, pericardial, intra-articular, intramuscular with compartment 

syndrome, or retroperitoneal, or considered to have contributed to mater-

nal death.

An allergic reaction to lmwh is a reaction following the administration of 

lmwh that results in anaphylaxis or a rash requiring discontinuation of 

the allocated lmwh. Heparin-induced thrombocytopenia (hit) is defined 

Outcome measures

The detailed definitions for the ipdma outcomes were agreed upon by in-

vestigator consensus at the face-to-face meeting. The definitions and 

diagnostic criteria for each outcome variable are documented in a data 

dictionary and the research protocol. These definitions, which have been 

reviewed by all investigators, allow standardization across studies and de-

crease the potential for bias.

affirm’s primary outcome is a composite outcome including four preg-

nancy complications: early-onset or severe pre-eclampsia, birth of a 

small-for-gestational age newborn with a birth weight <5th percentile, 

placental abruption, and late pregnancy loss. To qualify as a primary out-

come event, the pregnancy complication must satisfy one or more pre-

defined criteria. Early onset pre-eclampsia is diagnosed at less than 34 

weeks’ gestation. Severe pre-eclampsia is characterized by at least one 

criterion indicative of severe disease; these are, a systolic blood pressure 

>160 mm Hg or diastolic blood pressure >110 mm Hg, proteinuria >0.5 g/24 

hours, elevated liver enzymes (more than two times the local upper range 

of normal), platelets <100 × 109/l, pulmonary edema, seizures (eclampsia), 

headache or other neurological manifestations (stroke, intracranial hem-

orrhage, cerebral edema, hyperreflexia, and visual impairment), coagu-

lopathy, oliguria (<30 ml/hr) or hellp syndrome (hemolysis, elevated liver 

enzymes, low platelet count). Birth of a small-for-gestational age newborn 

with a birth weight <5th percentile is determined using local gender and 

gestational age specific birth weight charts. The placental abruption out-

come requires a clinical diagnosis of placental abruption leading to de-

livery. A late pregnancy loss occurs at or after 20 weeks of gestation and 

cannot be explained by other factors, including fetal chromosomal abnor-

malities, maternal infection, cervical insufficiency or incompetence, or an 

intentional termination of the pregnancy.

Nineteen secondary outcomes have been defined for affirm, including the 

four individual components of the primary outcome: severe or early-on-

set pre-eclampsia, birth of a small-for-gestational age newborn <5th per-

centile, placental abruption and late pregnancy loss, all as outlined above. 

Pre-eclampsia (non-severe) is characterized by a systolic blood pressure 

>140 mm Hg or diastolic blood pressure >90 mm Hg and proteinuria >0.3 

g/24 hours. A diagnosis of hellp syndrome required 3 criteria, hemolysis 

[lactate dehydrogenase (ldh) >600 iu/l or serum bilirubin >1.2 mg/dl] an 

abnormal elevation of liver enzymes (more than two times the local upper 
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ing the findings of the individual published studies, to validate the central-

ized database and data importation. Once the ipdma team is satisfied with 

the merged dataset, the database will be locked and the planned analyses 

for the ipdma synthesis will be conducted.

The individual patient data will be analyzed in a similar manner to an rct, 

however, the analysis will account for clustering at the study level. The 

primary analysis will include all women who are eligible for affirm and 

will examine the risk of the primary composite outcome in the treatment 

(lmwh) and control arms based on intention-to-treat. Secondary univari-

ate analyses will be done for each of the pregnancy complications included 

in the composite outcome. On-treatment sensitivity analyses will be con-

ducted for the primary and secondary outcomes.

Subgroup analyses

We have planned several subgroup analyses; these were selected because 

they are clinically plausible and there is evidence that they may be rele-

vant. If certain subgroups are found to be small (≤5 subjects) we will merge 

subgroups as appropriate.

Women will be analyzed in subgroups according to the previous pregnancy 

complications that were experienced. Prior pre-eclampsia subgroups are 

any pre-eclampsia, severe pre-eclampsia, early-onset pre-eclampsia, and 

severe or early onset pre-eclampsia. Subgroups according to prior sga are 

sga <10th percentile, sga <5th percentile, sga <3rd percentile, prior pre-ec-

lampsia and sga <10th percentile, prior pre-eclampsia and sga <5th per-

centile, prior pre-eclampsia and sga <3rd percentile. Subgroups of wom-

en with prior placental abruption are any placental abruption, placental 

abruption leading to delivery <37 weeks’ gestation, placental abruption 

leading to delivery <34 weeks’ gestation, and placental abruption with 

pre-eclampsia. Participants will be grouped for analysis according to the 

gestational age of prior pregnancy loss: >12 weeks’ gestation, >16 weeks’ 

gestation, and >20 weeks’ gestation. Demographic subgroups are accord-

ing to maternal age (<35 years or ≥35 years) and ethnic group (Caucasian, 

Black, Asian or other).

Women will be grouped according to personal characteristics and risk fac-

tors. For thrombophilia the subgroups are women with weak thrombophil-

ia (Factor V Leiden [fvl] or prothrombin gene mutation [pgm]); moderate 

thrombophilia (protein C deficiency, protein S deficiency); strong throm-

bophilia (antithrombin deficiency, antiphospholipid antibodies, combined 

as a clinical diagnosis of hit and a minimum of a positive pf4 hit elisa 

assay. The venous thromboembolism outcome includes deep vein throm-

bosis (dvt) and/or pulmonary embolism. The criteria for diagnosis of dvt 

are venography demonstrating a constant intraluminal filling defect in the 

deep veins above the trifurcation of the popliteal vein or compression ul-

trasound revealing a non-compressibility of a venous segment above the 

trifurcation of the popliteal vein. Diagnosis of distal, below the knee dvt, 

is by either venography or compression ultrasound. Diagnostic criteria for 

pulmonary embolism are pulmonary angiography demonstrating a con-

stant intraluminal filling defect or a cutoff of a vessel more than 2.5 mm in 

diameter, or ventilation/perfusion (v/q scan) indicating high-probability, or 

pulmonary embolism found at autopsy.

Extraction and recoding of individual patient data

The definitions for each variable to be included in affirm’s common data-

set are documented in a data dictionary to allow standardization across 

studies and decrease the potential for misclassification and bias. A tem-

plate for the common dataset has been developed in Microsoft Excel and 

will be provided to the principal investigator of each included trial. Recod-

ed anonymized individual patient data from each of the trials will popu-

late the Excel template. The recoded datasets for each of the individual 

trials will be saved on an IronKey™ usb flash drive and sent by courier to 

the coordinating center in Ottawa.

The affirm common dataset will include individual patient data in 10 

pre-defined categories: administrative and demographic data, thrombo-

philia, maternal medical history, pregnancy history, current pregnancy and 

delivery, infant data, pre-eclampsia outcome, other outcome events, inter-

vention and treatment during pregnancy, and adverse events.

Data synthesis, validation and analysis

Once the individual participant data from the primary studies have been 

merged in the common dataset, descriptive analyses will be conducted to 

identify data outliers, missing data, and unexpected inconsistencies. The 

project coordinator will prepare data clarification reports and will commu-

nicate with the principal investigators or their delegates to resolve these 

queries. Next, we plan to conduct preliminary analyses aimed at replicat-
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ogy, obstetrics, and family medicine will be targeted. In addition, patient 

advocacy and education groups (such as the Pre-eclampsia Foundation, 

the North American Thrombosis Forum, and Thrombosis Canada) will be 

provided with the results in a language and format suitable to a non-med-

ical audience.

Discussion

This ipdma will permit the investigators to explore which women within 

the heterogeneous group of patients with placenta-mediated complica-

tions benefit and which women do not benefit from low-molecular-weight 

heparin injections throughout pregnancy.

Ethics, privacy and security

The subjects in each of the rcts all provided informed consent to partic-

ipate in the original trial. We will not be seeking individual consent for 

the secondary use of the data for the following reasons: the objectives 

of the ipdma are consistent with the original trials, there are no risks or 

benefits associated with this analysis, no identifying information will be 

transferred, and it would be logistically time consuming and, in some cas-

es, impossible to contact the women who participated. In order to ensure 

patient confidentiality any identifying information will be removed from 

the original dataset before it is transferred. The IronKey™ flash drive in-

cludes numerous security features including hardware-based encryption, 

a random password generator, two-factor authentication, and a self-de-

struct mechanism which make it extremely unlikely that the dataset can 

be accessed by anyone other than the intended recipient. Once the data 

are merged in Ottawa in the common database, they will be stored on the 

research institute’s network which has multiple security features and reg-

ular backup procedures in place.

Limitations and challenges

One relevant potential drawback of ipdma is biased pooling of data. Bias 

can be introduced when eligible studies are missed, when authors do not 

provide their data for the analysis, when the outcomes are different across 

thrombophilia ≥1 type, homozygous fvl or pgm); or no thrombophilia. Par-

ticipants will be grouped according to personal history of venous thrombo-

embolism (vte), family history of vte, and no vte history

Quality assessment will be conducted for all eligible studies using the tool 

for assessing risk of bias from the Cochrane Handbook for reviews of in-

terventions42 and reported on a study level. These assessments will also 

be used to inform subgroup analyses and sensitivity analyses to explore 

whether these biases may have affected the ipdma analysis. We plan to 

examine the randomization integrity once the data from the original trials 

have been combined. We will endeavour to compare the original randomi-

zation lists with actual randomization to test the integrity of the allocation 

concealment. We will also compare the baseline characteristics of partici-

pants who have been randomized to the lmwh and no lmwh groups at the 

study level and aggregate level to see if there are imbalances between the 

groups that may suggest a lack of integrity in randomization processes.

Knowledge translation

Once the results of the analyses are available, they will be circulated to all 

investigators and collaborators and a teleconference will be scheduled to 

discuss the findings and their interpretation. Regardless of the ipdma re-

sults, they will be disseminated. Dr Shannon Bates is the principal knowl-

edge user for this project. She will provide input throughout the project 

and will be a leader for the knowledge translation phase of the study. The 

principal investigators of the identified eligible rcts (Drs Rey, Martinelli, de 

Vries, Gris, Rodger, Middeldorp, Schleussner, and Kaaja) are all experienced 

researchers and also practicing physicians who are knowledge users. Fur-

thermore, these team members are all involved in leadership roles in their 

institutions and countries, including practice guideline development, and 

have the potential to considerably influence the international community 

of healthcare providers in a variety of settings.

The strategies for knowledge translation will rely heavily on the input 

from all involved knowledge users and will take into consideration the 

suitability of proposed media and/or approach for different practice set-

tings and international contexts. Traditional methods, such as publication 

in a peer-reviewed journal, geared towards either a generalist or specialist 

audience, will be employed. Results will also be presented at international 

meetings; it is anticipated that knowledge users (clinicians) in hematol-
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7.1 - Search Strategy.

LWMH & Placenta-Mediated Pregnancy Complications

OVID 2013 May 5

Database: Embase Classic+Embase <1947 to 2013 May 03>,

Ovid MEDLINE(R) In-Process & Other NonIndexed

Citations and Ovid MEDLINE(R) <1946 to Present>

Search Strategy:

1. exp Hypertension, Pregnancy-Induced/ (35044)

2. (pregnan* adj5 hypertensi*).tw. (20960)

3. ((gestational or maternal) adj5 hypertens*).tw. (7212)

4. PIH.tw. (3198)

5. (((high* or rais* or elevat* or heighten* or increas*) adj3 (blood pressure or

 diastolic pressure or systolic pressure or pulse pressure)) and pregnan*).tw. (4438)

6. (((high* or rais* or elevat* or heighten* or increas*) adj3 (BP or DBP or SBP))

 and pregnan*).tw. (756)

7. (eclamp* or pre-eclamp* or preeclamp*).tw. (51722)

8. (EPH adj1 (Complex* or Gestos* or Toxemi* or Toxaemi* or Syndrome*)).tw. (1163)

9. ((Edema or oedema) and Proteinuria and Hypertension and Gestosis).tw. (118)

10. ((pregnan* or gestational or gravidum or gravidarum) adj5 (toxemi* or toxaemi*)).tw. (9496)

11. HELLP.tw. (4291)

12. (Hemolysis and Elevated Liver and Lowered Platelet*).tw. (1)

13. Infant, Small for Gestational Age/ (11668)

14. ‘small for gestational age’.tw. (12359)

15. SGA.tw. (9803)

16. Fetal Growth Retardation/ (30362)

17. ((intrauterine or intra-uterine) adj2 growth restrict*).tw. (8013)

18. ((intrauterine or intra-uterine) adj2 growth retard*).tw. (12905)

19. ((fetal or foetal or fetus* or foetus*) adj2 growth restrict*).tw. (5530)

20. ((fetal or foetal or fetus* or foetus*) adj2 growth retard*).tw. (4811)

21. IUGR.tw. (8668)

22. exp Fetal Death/ or Stillbirth/ (57294)

23. (stillbirth* or stillborn*).tw. (23406)

24. ((fetal or foetal or fetus* or foetus* or prenatal* or pre-natal* or perinatal* or peri-natal* or

 antepartum or ante-partum or antenatal* or ante-natal*) adj3 (loss* or death*)).tw. (35608)

25. exp Abortion, Spontaneous/ (53089)

26. (abort* adj3 (spontaneous* or habitual* or frequen* or recur* or tubal)).tw. (26088)

27. (miscarriage* or miscarry or miscarries or miscarried or miscarrying).tw. (20236)

28. ((second trimester* or 2nd trimester* or third trimester* or 3rd trimester* or late pregnan* or

 advanced pregnan* or late intrauterine or late intra-uterine) adj3 (loss* or death*)).tw. (1044)

29. Placental Insufficiency/ (3986)

30. ((placent* or uteroplacent* or utero-placenta*) adj3 (insufficien* or incompeten* or failure*)).

 tw. (4744)

31. Abruptio Placentae/ (6398)

32. (placent* adj1 (abruptio* or ablation* or detachment* or separation* or solutio* or

 apoplexia*)).tw. (6756)

33. abruption*.tw. (3994)

34. (placent* and vascular and thrombos*).tw. (449)

35. ((‘placenta-mediated pregnancy’ or ‘placental-mediated pregnancy’) adj3 (complicat* or

 problem* or difficult* or disorder*)).tw. (49)

36. ‘Pregnancy Complications, Hematologic’/ (81830)

37. exp Placenta/de (4123)

38. or/1-37 (345669)

studies, and when outcome and covariate data are missing from included 

studies.31 Our recently completed pooled summary meta-analysis was a 

successful collaboration of five principal investigators.1 In addition to the 

team members from these five trials, the principal investigators of four 

additional trials have committed to provide data for the affirm meta-anal-

ysis. These are the largest and most robust trials completed in this area.

The multinational research team has representation from Canada, the 

Netherlands, France, Italy, Germany, and Finland. Almost all review team 

members attended the face-to-face ipdma planning meeting. To protect 

against the misclassification of outcomes, the affirm review team dis-

cussed each outcome at this meeting until consensus on detailed defini-

tions and diagnostic criteria was reached. Definitions for all variables to be 

included in the ipdma common dataset are documented in a data diction-

ary that was reviewed, revised according to team feedback, and finalized. 

Despite this, we recognize that challenges will be encountered due to var-

iability in how the variables were originally defined and collected in each 

of the nine trials. In some cases it will be necessary to consult the original 

clinical records to obtain complete information for the ipdma which will be 

a labor-intensive process. Another challenge is the diversity in language 

of the original datasets (English, French, Dutch, Italian, and German) that 

will necessitate translation when the data are recoded. Attention to detail, 

careful documentation, and excellent communication will be instrumen-

tal to the successful completion of this ipdma.
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84.  tafoxiparin.rn. (1)

85.  tedelparin*.tw. (23)

86.  tedelparin.rn. (0)

87.  or/39-86 (54271)

88.  38 and 87 (2563)

89.  exp Animals/ not (Humans/ and exp Animals/) (8585219)

90.  88 not 89 (2543)

91.  randomized controlled trial.pt. (347918)

92.  randomized controlled trials as topic/ or random allocation/ or double-blind method/ or

  singleblind method/ or placebos/ (696235)

93.  (random* or RCT$1 or placebo*).tw. (1618914)

94.  ((singl* or doubl* or trebl* or tripl*) and (mask* or blind* or dumm*)).tw. (312130)

95.  trial.ti. (267139)

96.  or/91-95 (2087101)

97.  90 and 96 (370)

98.  meta analysis.pt. (39487)

99.  exp meta-analysis as topic/ (19716)

100.  (meta-analy* or metanaly* or metaanaly* or met analy* or integrative research or

  integrative review* or integrative overview* or research integration or research overview* or

  collaborative review*).tw. (122093)

101.  (systematic review* or systematic overview* or evidence-based review* or evidence-based

 overview* or (evidence adj3 (review* or overview*)) or meta-review* or meta-overview* or

 ‘review of reviews’ or technology assessment* or HTA or HTAs).tw. (152082)

102.  exp Technology assessment, biomedical/ (20394)

103.  health technology assessment winchester england.jn. (1195)

104.  (evidence report technology assessment or evidence report technology assessment

 summary).jn.(398)

105.  ‘cochrane database of systematic reviews’.jn. (12972)

106.  or/98-105 (284631)

107.  90 and 106 (102)

108.  limit 90 to systematic reviews [Limit not valid in Embase; records were retained] (1936)

109.  97 or 107 or 108 (2026)

110.  109 use prmz (133)

111.  maternal hypertension/ (8849)

112.  (pregnan* adj5 hypertensi*).tw. (20960)

113.  (gestational adj5 hypertens*).tw. (4492)

114.  (maternal adj5 hypertens*).tw. (3166)

115.  PIH.tw. (3198)

116. (((high* or rais* or elevat* or heighten* or increas*) adj3 (blood pressure or diastolic pressure

 or systolic pressure or pulse pressure)) and pregnan*).tw. (4438)

117.  (((high* or rais* or elevat* or heighten* or increas*) adj3 (BP or DBP or SBP)) and pregnan*).tw.

  (756)

118.  exp pregnancy toxemia/ (66763)

119.  (eclamp* or pre-eclamp* or preeclamp*).tw. (51722)

120.  (EPH adj1 (Complex* or Gestos* or Toxemi* or Toxaemi* or Syndrome*)).tw. (1163)

121.  ((Edema or oedema) and Proteinuria and Hypertension and Gestosis).tw. (118)

122.  ((pregnan* or gestational* or gravidum or gravidarum) adj5 (toxemi* or toxaemi* or

 toxicos*)).tw. (10458)

123.  HELLP syndrome/ (4441)

124.  HELLP.tw. (4291)

125.  (Hemolysis and Elevated Liver and Lowered Platelet*).tw. (1)

126.  exp intrauterine growth retardation/ (37399)

127.  ‘small for gestational age’.tw. (12359)

39. exp Heparin, Low-Molecular-Weight/ (47677)

40. LMWH.tw. (8183)

41. ((low molecular weight or LMW) adj1 heparin).tw. (17403)

42. Heparin, Low-Molecular-Weight.rn. (6540)

43. (Dalteparin* or FR-860 or Fragmin or Fragmine or Kabi-2165 or ‘K 2165’ or K2165 or

 Tedelparin or low liquemin).tw. (3901)

44. dalteparin.rn. (713)

45. (Enoxaparin* or Clexan* or EMT-966 or EMT-967 or HSDB 7846 or Klexane or Lovenox or

 PK10169 or PK 10169 or ‘PK-10,169’ or RP 54563 or UNII-8NZ41MIK1O).tw. (9385)

46. enoxaparin.rn. (16124)

47. (nadroparin* or CY 216 or CY 216d or CY216 or CY216d or Fraxiparin* or LMF CY-216 or

 Nadroparin Calcium or Nadroparine or Nadrohep or Fraxodi or Seleparin* or Tedegliparin*).

 tw. (2607)

48. nadroparin.rn. (3999)

49. (tinzaparin* or Innohep or UNII-7UQ7X4Y489).tw. (1145)

50. tinzaparin.rn. (229)

51. (bemiparin* or hibor or phivor or ardeparin* or UNII-N3927D01PB).tw. (285)

52. (certoparin* or Alphaparin* or Alpha-parin* or Mono-Embolex or Monoembolex).tw. (357)

53. (Reviparin* or Clivarin* or LU 47311 or LU47311 or lomorin).tw. (492)

54. reviparin.rn. (83)

55. (parnaparin* or parvoparin* or fluxum or lohepa or lowhepa or minidalton or op 2123 or

 CB-01-05- MMX).tw. (237)

56. Parnaparin.rn. (33)

57. (semuloparin* or mulsevo or visamerin or AVE 5026 or AVE5026 or UNII-4QW4AN84NQ).tw.

 (101)

58. semuloparin.rn. (6)

59. sevuparin*.tw. (3)

60. sevuparin.rn. (0)

61. (ardeparin* or normifio or normiflo or rd heparin or wy 90493 or wy90493).tw. (199)

62. ardeparin.rn. (22)

63. (adomiparin* or ‘m 118’ or m118).tw. (153)

64. adomiparin.rn. (0)

65. (‘cy 222’ or cy222).tw. (233)

66. cy 222.rn. (168)

67. (danaproid or ‘kb 101’ or kb101 or lomoparan or lomoparin or mucoglucuronan or org 10172

 or org10172 or orgaran).tw. (1507)

68. danaproid.rn. (402)

69. deligoparin*.tw. (3)

70. deligoparin.rn. (0)

71. ((heparin adj1 dihydergot) or (dihydroergotamine adj1 heparin) or Embolex or (heparin adj1

 DHE)).tw. (458)

72. heparin-dihydergot.rn. (73)

73. idrabiotaparinux.tw. (60)

74. idrabiotaparinux.rn. (81)

75. idraparinux.tw. (287)

76. idraparinux.rn. (640)

77. livaraparin calcium.tw. (0)

78. livaraparin calcium.rn. (0)

79. minolteparin*.tw. (0)

80. minolteparin.rn. (0)

81. rd 11885.tw. (13)

82. rd 11885.rn. (0)

83.  tafoxiparin*.tw. (3)
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128.  SGA.tw. (9803)

129.  ((intrauterine or intra-uterine) adj2 growth restrict*).tw. (8013)

130.  ((intrauterine or intra-uterine) adj2 growth retard*).tw. (12905)

131.  ((fetal or foetal or fetus* or foetus*) adj2 growth restrict*).tw. (5530)

132.  ((fetal or foetal or fetus* or foetus*) adj2 growth retard*).tw. (4811)

133.  IUGR.tw. (8668)

134.  exp fetus death/ (32616)

135.  (stillbirth* or stillborn*).tw. (23406)

136.  ((fetal or foetal or fetus* or foetus* or prenatal* or pre-natal* or perinatal* or peri-natal* or

  antepartum or ante-partum or antenatal* or ante-natal*) adj3 (loss* or death*)).tw. (35608)

137.  spontaneous abortion/ (38858)

138.  (abort* adj3 (spontaneous* or habitual* or frequen* or recur* or tubal)).tw. (26088)

139.  (miscarriage* or miscarry or miscarries or miscarried or miscarrying).tw. (20236)

140.  ((second trimester* or 2nd trimester* or third trimester* or 3rd trimester* or late pregnan* or

  advanced pregnan* or late intrauterine or late intra-uterine) adj3 (loss* or death*)).tw. (1044)

141.  placenta insufficiency/ (2667)

142.  ((placent* or uteroplacenta* or utero-placenta*) adj3 (insufficien* or incompeten* or

  failure*)).tw. (4744)

143.  solutio placentae/ (4671)

144.  (placent* adj1 (abruptio* or ablation* or detachment* or separation* or solutio*)).tw. (6753)

145.  abruption*.tw. (3994)

146.  (placent* and vascular and thrombos*).tw. (449)

147.  ((‘placenta-mediated pregnancy’ or ‘placental-mediated pregnancy’) adj3 (complicat* or

  problem* or difficult* or disorder*)).tw. (49)

148.  (pregnan* and (hematolog* adj5 (complicat* or problem* or difficult* or disorder*))).tw. (392)

149.  or/111-148 (264754)

150.  exp low molecular weight heparin/ (47677)

151.  LMWH.tw. (8183)

152.  ((low molecular weight or LMW) adj1 heparin).tw. (17403)

153.  (Dalteparin* or FR-860 or FR860 or Fragmin or Fragmine or Kabi-2165 or K-2165 or K2165 or

  Tedelparin* or low liquemin).tw. (3901)

154.  (Enoxaparin* or Clexan* or EMT-966 or EMT966 or EMT-967 or EMT967 or HSDB 7846 or

  Klexane or Lovenox or PK 10169 or PK10169 or ‘PK-10,169’ or RP 54563 or

  UNII-8NZ41MIK1O).tw. (9385)

155.  679809-58-6.rn. (5397)

156.  (nadroparin* or CY 216 or CY 216d or CY216 or CY216d or Fraxiparin* or LMF CY-216 or

  Nadroparin Calcium or Nadroparine or Nadrohep or Fraxodi or Seleparin* or Tedegliparin*).

  tw. (2607)

157.  (tinzaparin* or Innohep or logiparin* or lhn1 or UNII-7UQ7X4Y489).tw. (1304)

158.  (bemiparin* or hibor or phivor or ardeparin* or UNII-N3927D01PB).tw. (285)

159.  (certoparin* or Alphaparin* or Alpha-parin* or Mono-Embolex).tw. (283)

160.  (reviparin* or clivarin* or LU47311 or ‘LU 47311’ or lomorin).tw. (492)

161.  (parnaparin* or parvoparin* or fluxum or lohepa or lowhepa or minidalton or op 2123 or

  ‘CB-01-05-MMX’).tw. (237)

162.  (semuloparin* or mulsevo or visamerin or AVE 5026 or AVE5026 or UNII-4QW4AN84NQ).tw.

  (101)

163.  sevuparin*.tw. (3)

164.  (ardeparin* or normifio or normiflo or rd heparin or ‘wy 90493’ or wy90493).tw. (199)

165.  (adomiparin* or ‘m 118’ or m118).tw. (153)

166.  antixarin*.tw. (5)

167.  (cy 222 or cy222).tw. (233)
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168.  (danaproid or ‘kb 101’ or kb101 or lomoparan or lomoparin or mucoglucuronan or

  org 10172 or org10172 or orgaran).tw. (1507)

169.  308068-55-5.rn. (0)

170.  deligoparin*.tw. (3)

171.  ((heparin adj1 dihydergot) or (dihydroergotamine adj1 heparin) or Embolex or

  (heparin adj1 DHE)).tw. (458)

172.  idrabiotaparinux.tw. (60)

173.  idraparinux.tw. (287)

174.  162610-17-5.rn. (574)

175.  livaraparin calcium.tw. (0)

176.  minolteparin*.tw. (0)

177.  rd 11885.tw. (13)

178.  tafoxiparin*.tw. (3)

179.  tedelparin*.tw. (23)

180.  or/150-179 (54093)

181.  149 and 180 (2088)

182.  exp animals/ or exp animal experimentation/ or exp models animal/ or exp animal

  experiment/ or nonhuman/ or exp vertebrate/ (36963297)

183.  exp humans/ or exp human experimentation/ or exp human experiment/ (27357123)

184.  182 not 183 (9607791)

185.  181 not 184 (2067)

186.  randomized controlled trial/ (691922)

187.  ‘randomized controlled trial (topic)’/ (29863)

188.  randomization/ (138604)

189.  double blind procedure/ (119069)

190.  single blind procedure/ (17360)

191.  placebo/ (234074)

192.  (random* or RCT$1 or placebo*).tw. (1618914)

193.  ((singl* or doubl* or trebl* or tripl*) and (mask* or blind* or dumm*)).tw. (312130)

194.  or/186-193 (1997796)

195.  185 and 194 (340)

196.  ‘systematic review’/ (59764)

197.  meta-analysis/ (110106)

198.  ‘meta analysis (topic)’/ (7056)

199.  (meta-analy* or metanaly* or metaanaly* or met analy* or integrative research or

  integrative review* or integrative overview* or research integration or research overview* or

  collaborative review*).tw. (122093)

200.  (systematic review* or systematic overview* or evidence-based review* or evidence-based

  overview* or (evidence adj3 (review* or overview*)) or meta-review* or meta-overview* or

  ‘review of reviews’ or technology assessment* or HTA or HTAs).tw. (152082)

201.  biomedical technology assessment/ (19303)

202.  (cochrane or health technology assessment or evidence report).jw. (23566)

203.  or/196-202 (321170)

204.  185 and 203 (129)

205.  195 or 204 (390)

206.  205 use emczd (317)

207.  110 or 206 (450) TOTAL HITS

208.  remove duplicates from 207 (367) TOTAL HITS AFTER DE-DUPING

209.  208 use prmz (131) UNIQUE MEDLINE HITS

210.  208 use emczd (236) UNIQUE EMBASE HITS
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