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Summary
Background Placenta-mediated pregnancy complications include pre-eclampsia, late pregnancy loss, placental 
abruption, and birth of a small-for-gestational-age (SGA) neonate. These complications are leading causes of maternal, 
fetal, and neonatal morbidity and mortality in high-income countries. Aff ected women are at high risk of recurrence 
in subsequent pregnancies; however, eff ective strategies to prevent recurrence are absent. Findings from our previous 
study-level meta-analysis suggested that low-molecular-weight heparin reduced the risk of recurrent placenta-
mediated pregnancy complications. However, we identifi ed signifi cant heterogeneity in the results, possibly due to 
trial design or inclusion criteria. To identify which patients benefi t from, and which outcomes are prevented by, low-
molecular-weight heparin, we did an individual patient data meta-analysis.

Methods We did a systematic review in May, 2013, which identifi ed eight eligible randomised trials done between 
2000 and 2013 of low-molecular-weight heparin to prevent recurrent placenta-mediated pregnancy complications. We 
excluded studies on the basis of the wrong population, the study being ongoing, inability to confi rm eligibility of 
participants, intervention stopped too early, and no response from the principal investigator. We requested individual 
patient data from the study authors for eligible women (women pregnant at the time of the study with a history of 
previous pregnancy that had been complicated by one or more of the following: pre-eclampsia, placental abruption, 
birth of an SGA neonate [<10th percentile], pregnancy loss after 16 weeks’ gestation, or two losses after 12 weeks’ 
gestation) and recoded, combined, and analysed the data for our meta-analysis. The primary outcome was a composite 
of early-onset (<34 weeks) or severe pre-eclampsia, birth of an SGA neonate (<5th percentile), late pregnancy loss 
(≥20 weeks’ gestation), or placental abruption leading to delivery, assessed on an intention-to-treat basis. We assessed 
risk of bias with the Cochrane Risk of Bias tool. This study is registered with PROSPERO, number CRD42013006249. 

Findings We analysed data from 963 eligible women in eight trials: 480 randomly assigned to low-molecular-weight 
heparin and 483 randomly assigned to no low-molecular-weight heparin. Overall, the risk of bias was not substantial 
enough to aff ect decisions regarding trial inclusion. Participants were mostly white (795/905; 88%) with a mean age 
of 30·9 years (SD 5·0) and 403/963 (42%) had thrombophilia. In the primary analysis, low-molecular-weight heparin 
did not signifi cantly reduce the risk of recurrent placenta-mediated pregnancy complications (low-molecular-weight 
heparin 62/444 [14%] versus no low-molecular-weight heparin 95/443 (22%) absolute diff erence –8%, 95% CI –17·3 to 
1·4, p=0·09; relative risk 0·64, 95% CI 0·36–1·11, p=0·11). We noted signifi cant heterogeneity between single-centre 
and multicentre trials. In subgroup analyses, low-molecular-weight heparin in multicentre trials reduced the primary 
outcome in women with previous abruption (p=0·006) but not in any of the other subgroups of previous complications. 

Interpretation Low-molecular-weight heparin does not seem to reduce the risk of recurrent placenta-mediated 
pregnancy complications in at-risk women. However, some decreases in event rates might have been too small for the 
power of our study to explore. 

Funding Canadian Institutes of Health Research.

Introduction 
Placenta-mediated pregnancy complications, including 
pre-eclampsia, birth of a small-for-gestational-age (SGA) 
neonate, placental abruption, or late pregnancy loss are 
common and lead to substantial maternal and fetal 
or neonatal morbidity and mortality.1–3 The risk of 
recurrent placenta-mediated pregnancy complications in 
subsequent pregnancies is important,4–6 and these 

complications might be multiple (for example, both pre-
eclampsia and SGA), and not solely a repeat of 
the placenta-mediated complication in a previous 
pregnancy.4–6

No highly eff ective preventive strategies for use in 
subsequent pregnancies exist. Aspirin off ers small risk 
reductions in patients with previous pre-eclampsia and 
SGA; however, it might be more eff ective at reducing risk 
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(providing around 40% relative risk reduction) if started 
before 16 weeks’ gestation.7,8 There are no proven 
preventive strategies for the other complications. The 
cause(s) of placenta-mediated pregnancy complications 
remain controversial and are likely to be multifactorial. 
However, placental microvascular and macrovascular 
thrombosis is a frequent, overlapping, pathophysiological 
link in many pregnancies aff ected by placenta-mediated  
complications,3 and anticoagulants could prevent 
recurrence of these complications.

Low-molecular-weight heparin is the anticoagulant of 
choice in pregnancy because it does not cross the placenta 
and has a favourable maternal safety profi le with low risk 
of major bleeding, heparin-induced thrombocytopenia, or 
heparin-induced osteoporosis.9 Nonetheless, low-
molecular-weight heparin must be administered by 
burdensome daily or twice-daily subcutaneous injections, 
is costly, and might complicate regional anaesthetic 
options if not discontinued within 12–24 h of labour 
onset. Low-molecular-weight heparin might also play 
other roles, including promotion of placental angiogenesis 
during the fi rst and second trimesters of pregnancy and 
promotion of soluble vascular endothelial growth factor 
receptor-1 expression during the fi rst trimester,10,11 that 
could also contribute to a reduced risk of placenta-
mediated pregnancy complications.

Findings from some randomised controlled trials of 
whether low-molecular-weight heparin can prevent 
recurrent placenta-mediated pregnancy complications 
suggest an important treatment eff ect12–16 but these 
fi ndings have not been universal.17–22 We previously 
published a pooled summary-based, study-level meta-
analysis,23 the fi ndings from which strongly suggested that 

low-molecular-weight heparin reduces the risk of placenta-
mediated complications in subsequent pregnancies 
(relative risk reduction 0·52, 95% CI 0·32–0·86). 
However, this meta-analysis, with aggregate data, was 
limited by substantial statistical (I² 69%) and clinical 
heterogeneity. Results from single-centre trials, and trials 
that recruited women with severe previous placenta-
mediated complications, showed a benefi cial eff ect of low-
molecular-weight heparin, raising the possibility that 
either single-centre bias was driving the summary eff ects, 
or that low-molecular-weight heparin was not eff ective in 
women with previous non-severe placenta-mediated 
pregnancy complications.23 Additionally, many of the 
component studies recruited women with heterogeneous 
previous placenta-mediated pregnancy complications, and 
explored eff ects of low-molecular-weight heparin on 
composite outcomes that included a mix of these 
complications. These uncertainties lead to the questions 
of whether low-molecular-weight heparin is eff ective at all, 
whether it is only benefi cial in subgroups of women with 
previous severe placenta-mediated pregnancy compli-
cations, and whether low-molecular-weight heparin 
prevents all or only some of these complications.

The trials of low-molecular-weight heparin to prevent 
placenta-mediated pregnancy complications were all 
academically sponsored and took many years to complete. 
To await results from future individual trials to address 
these questions would leave many patients without clear 
guidance in the interim. Therefore we did an individual 
patient data meta-analysis to account for study-centre 
eff ects, and to explore the eff ect of low-molecular-weight 
heparin in subgroups of women with previous placenta-
mediated complications and on individual outcomes. 

Research in context

Evidence before this study
We previously published a systematic review and pooled 
summary-based study-level meta-analysis, the fi ndings from 
which suggested that low-molecular-weight heparin might be a 
promising therapy for recurrent—especially severe—placenta-
mediated pregnancy complications, but also suggested that 
further research was needed because signifi cant heterogeneity 
limited the interpretation. For this study, in May, 2013, using the 
OVID platform, we searched OVID MEDLINE, OVID MEDLINE 
in-process and other non-indexed citations, and Embase classic 
(appendix), and also searched the Cochrane Library and 
ClinicalTrials.gov to identify relevant ongoing and completed 
trials. We used search terms such as “hypertension”, 
“pregnancy-induced”, “placental insuffi  ciency”, “heparin”, and 
“low-molecular-weight” and keywords such as “pre-eclampsia”, 
“abruption”, and “LMWH”. Vocabulary and syntax were adjusted 
across databases. Animal studies were excluded but there were 
no language or date restrictions for any of the searches. 
We extracted individual patient data from these studies to 
select women who met specifi c eligibility criteria. 

This individual patient data meta-analysis included women 
from three trials that were not included in the previous 
publication. We combined data from eight trials to do subgroup 
analyses that considered study design, patient characteristics, 
treatment diff erences, and specifi c outcomes.

Added value of this study
The results of our individual patient data meta-analysis showed 
that only women with previous placental abruption might 
benefi t from antepartum low-molecular-weight heparin, and 
suggest strongly that antepartum low-molecular-weight 
heparin is of no benefi t in women with previous pre-eclampsia, 
previous birth of a small-for-gestational-age neonate, or 
previous late pregnancy loss.

Implications of all the available evidence
Daily antepartum low-molecular-weight heparin injections do 
not seem to reduce the risk of recurrent placenta-mediated 
pregnancy complications in high-risk patients except in a small 
subgroup of women with previous abruption. The latter fi nding 
should be replicated in future multicentre trials. 
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Methods 
Search strategy and selection criteria
We did a systematic review to identify potentially eligible 
trials for meta-analysis. Detailed review methods, 
including the search strategy, search results in a 
PRISMA fl ow diagram, and a description of the trials 
identifi ed are described in the published protocol.24 
Randomised controlled trials that used a low-molecular-
weight heparin intervention for the prevention of 
recurrent placenta-mediated pregnancy complications 
were eligible. We developed electronic search strategies 
and tested them through an iterative process by an 
experienced medical information specialist in 
consultation with the review team. In May, 2013, using 
the OVID platform, we searched OVID MEDLINE, 
OVID MEDLINE in-process and other non-indexed 
citations, and Embase classic (appendix). We also 
searched the Cochrane Library and ClinicalTrials.gov to 
identify relevant ongoing and completed trials. We used 
search terms such as “hypertension”, “pregnancy-
induced”, “placental insuffi  ciency”, “heparin”, and “low-
molecular-weight” and keywords such as “pre-eclampsia”, 
“abruption”, and “LMWH”. Vocabulary and syntax were 
adjusted across databases. Animal studies were excluded 
but there were no language or date restrictions for any of 
the searches. We sought additional references through 
hand-searching the bibliographies of relevant items. The 
study population of interest included currently pregnant 
women who had previous pregnancies complicated by 
one or more of the following: pre-eclampsia, placental 
abruption, birth of an SGA neonate (less than the 10th 
percentile), pregnancy loss after 16 weeks’ gestation, or 
two losses after 12 weeks’ gestation.

Of the potentially eligible studies identifi ed, we 
included eight trials in the primary and subgroup 
analyses, and excluded eight others for the following 
reasons: wrong population,25,26 trial ongoing (EPPI, 
HEPEPE, HOPPE trials), inability to confi rm eligibility 
of participants,22 low-molecular-weight heparin inter-
vention stopped too early in pregnancy,21 and no response 
from the principal investigator.27 Additional details about 
included and excluded studies are in the protocol.24

Data extraction 
The lead investigators of eligible trials and statisticians 
who were familiar with the trial data met in person to 
reach consensus on the study outcomes and variables 
before data extraction. Detailed defi nitions and diagnostic 
criteria for all study outcomes are in the study protocol 
and we used a data dictionary that includes the defi nitions 
and coding for all individual patient data meta-analysis 
variables to enable standardisation across studies. We 
developed a Microsoft Excel 2010 template to ensure 
consistency of the anonymised and recoded individual 
patient data. Ethics approval was obtained for each 
included trial before data were recoded and combined for 
meta-analysis. 

The primary outcome of our individual patient data meta-
analysis was a composite outcome including four 
pregnancy complications: early-onset or severe pre-
eclampsia, birth of an SGA neonate with a birthweight less 
than the 5th percentile, placental abruption, and late 
pregnancy loss. Early-onset pre-eclampsia was defi ned as 
being diagnosed at less than 34 weeks’ gestation. Severe 
pre-eclampsia was characterised by at least one criterion 
indicative of severe disease, including systolic blood 
pressure at least 160 mm Hg or diastolic blood pressure at 
least 110 mm Hg, proteinuria of more than 0·5 g/24 h, 
raised liver enzymes (more than two times the local upper 
range of normal), platelets less than 100 × 10⁹/L, pulmonary 
oedema, seizures (eclampsia), headache or other 
neurological manifestation (stroke, intracranial 
haemorrhage, cerebral oedema, hyper-refl exia, or visual 
impairment), coagulopathy, oliguria (<30 mL/h), or HELLP 
syndrome (haemolysis, elevated liver enzymes, and low 
platelet count). Birth of an SGA neonate with a birthweight 
less than the 5th percentile was determined using local sex-
specifi c and gestational age-specifi c birthweight charts. 
Placental abruption required a clinical diagnosis of 

Figure: Patient selection from the original studies
IPDMA=individual patient data meta-analysis. 

1637 patients randomised in 
 8 original trials

667 patients not eligible for IPDMA 
     6 post-randomisation exclusions (TIPPS=3; 
  Rey=3)
     65 did not become pregnant (ALIFE=65)
     596 did not have a history of a placenta-mediated 
  pregnancy complication meeting IPDMA 
  criteria (HABENOX=170; FRUIT=3; 
  HAPPY=4; ALIFE=261; TIPPS=158)

970 patients eligible for IPDMA 

7 patients excluded from IPDMA because outcome 
 data and safety data were not available (lost to 
    follow-up [HAPPY=7]) 

963 eligible patients included 
 in the IPDMA dataset 

86 patients not included in the primary analysis 
 79 had a pregnancy loss before 20 weeks’ gestation 
  (HABENOX=12; FRUIT=6; TIPPS=7; HAPPY=2; 
  ALIFE=20; Rey =7, NOH-AP=7; NOH-PE=18)
 7 had a pregnancy termination for medical 
  reasons not related to the primary outcome 
  (HABENOX=2; FRUIT=1; TIPPS=2; HAPPY=2) 

877 patients were included in the 
 analysis of IPDMA primary 
 outcome and secondary 
 outcome analyses 

See Online for appendix
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placental abruption leading to delivery. Late pregnancy loss 
was defi ned as occurring at or after 20 weeks’ of gestation 
that could not be accounted for by other factors, including 
fetal chromosomal abnormalities, maternal infection, 
cervical insuffi  ciency or incompetence, or an intentional 
termination of the pregnancy. We also did post-hoc analyses 
of data for birth of an SGA neonate with a birthweight less 
than the 3rd percentile. We had included birthweight less 
than the 10th and the 5th percentiles in the published 
protocol but neglected to include the more severe form of 
this outcome because of an oversight. 

The data included participant characteristics (demo-
graphic characteristics, thrombophilia, and relevant 
medical history), pregnancy history and details of the 

current pregnancy and delivery, including infant data 
and pregnancy complications. Information about 
treatments during pregnancy, particularly related to low-
molecular-weight heparin and aspirin, and associated 
adverse events were recorded. Analysis of osteoporotic 
fractures and maternal death were post-hoc because we 
had unintentionally not included these very rare events 
as secondary outcomes in our protocol. 

Data synthesis and validation 
Data from the original trials were recoded by local 
personnel who were familiar with the data. They populated 
the Excel template according to the criteria for each variable 
that had been agreed upon a priori by the group. The 

Trial enrolment Participants randomly assigned 
in original trial

Participants eligible for IPDMA by qualifying 
previous complications*

LMWH intervention and control

TIPPS18 2014 Multinational: 21 sites in 
Canada, US, Australia, 
and the UK

292 with thrombophilia and 
previous high-risk criteria 

113 total
48 pre-eclampsia
47 SGA
18 placental abruption

36 ≥2 fetal losses after 12 weeks’ GA
62 ≥1 fetal loss after 16 weeks’ GA

Treatment: dalteparin 5000 IU to 20 weeks’ GA 
then 10 000 IU to 36 weeks’ GA 
Control: no dalteparin
Aspirin use permitted

FRUIT12 2012 Multinational: 12 sites in 
the Netherlands, Sweden, 
and Australia

139 with heritable thrombophilia 
and previous early-onset 
pre-eclampsia or SGA 
<10th percentile (or both)

136 total
106 pre-eclampsia

47 SGA
11 placental abruption

41 ≥2 fetal losses after 12 weeks’ GA 
43 ≥1 fetal loss after 16 weeks’ GA

Treatment: dalteparin 5000 IU plus aspirin 
Control: aspirin alone

HAPPY17 2012 Multicentre:
8 sites in Italy

135 with previous pre-eclampsia, 
loss >15 weeks’ GA, SGA <10th 
percentile, or placental abruption 

124 total
49 pre-eclampsia
53 SGA
20 placental abruption

41 ≥2 fetal losses after 12 weeks’ GA
41 ≥1 fetal loss after 16 weeks’ GA

Treatment: nadroparin 3800 IU 
Control: no nadroparin
Aspirin use discouraged

HABENOX19 2011 Multinational: 4 sites in 
Finland, Sweden, and the 
Netherlands 

207 with recurrent early or late 
miscarriage

37 total
0 pre-eclampsia
1 SGA
4 placental abruption

14 ≥2 fetal losses after 12 weeks’ GA
29 ≥1 fetal loss after 16 weeks’ GA

Treatment 1: enoxaparin 40 mg plus placebo
Treatment 2: enoxaparin 40 mg plus aspirin 
Control: aspirin alone

NOH-PE13 2011 Single centre in France 224 with previous severe 
pre-eclampsia 

224 total
224 pre-eclampsia

58 SGA

Treatment: enoxaparin 4000 IU plus aspirin 
Control: aspirin alone

NOH-AP16 2010 Single centre in France 160 with previous placental 
abruption 

160 total
160 placental abruption 

71 pre-eclampsia
44 SGA

Treatment: enoxaparin 4000 IU 
Control: no enoxaparin 
Aspirin use if clinically indicated

ALIFE20 2010 Multicentre:
8 sites in the Netherlands

364 (299 pregnant) with 
recurrent pregnancy loss

38 total
4 pre-eclampsia
5 SGA
3 placental abruption

32 ≥2 fetal losses after 12 weeks’ GA
29 ≥1 fetal loss after 16 weeks’ GA

Treatment: nadroparin 2850 IU plus aspirin 
Control 1: aspirin alone 
Control 2: placebo

Rey15 2009 Multicentre:
6 sites in Canada

116 with previous early 
pre-eclampsia, placental 
abruption, SGA<5th percentile, 
and pregnancy loss >12 weeks’ GA

113 total
93 pre-eclampsia
62 SGA
36 placental abruption

69 ≥2 fetal losses after 12 weeks’ GA
66 ≥1 fetal loss after 16 weeks’ GA

Treatment: dalteparin 5000 IU 
Control: no dalteparin
Aspirin use permitted

LMWH=low-molecular-weight heparin. SGA=small for gestational age. GA=gestational age. Loss=pregnancy loss. *Participants might have had a history of more than one qualifying placenta-mediated 
pregnancy complication. 

 Table 1: Trials included in the individual patient data meta-analysis (IPDMA)
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eligibility of each participant was verifi ed by the project 
coordinator (NJL) before data were included in the 
common dataset. Participants who were lost to follow-up 
or who did not have adequate primary outcome data were 
excluded. The recoded data from eligible women were 
imported to SAS version 9.3 and data verifi cation scripts 
were run by the coordinating statistician (RM) to identify 
inconsistencies, outliers, and illogical data. The project 
coordinator (NJL) prepared data clarifi cation requests and 
sent them via email to the investigators and personnel who 
had done the recoding. Data lock of the common dataset 
and analyses were done after resolution of all clarifi cation 
requests. The primary analyses of the original trials were 
replicated before the meta-analysis to ensure that the 
results from each trial could be reproduced.

Risk of bias assessments
Assessments of study quality for included trials were 
done independently by two investigators (ADM and NJL) 
according to the seven criteria in the Cochrane Risk of 
Bias tool.28 Funding was added as an additional criterion. 
The criteria were graded as low risk, high risk, or unclear 
risk of bias, and all disagreements were resolved by 
consensus. When the information was not available in 
the published paper or a public registry, the trial’s lead 
author was contacted by email to request clarifi cation or 
additional information. 

Data analysis 
The primary analysis included all eligible women with 
outcome data, and examined the risk of the primary 
composite outcome in the treatment (low-molecular-
weight heparin) and control arms based on intention-to-
treat analysis. Secondary univariate analyses were done 
for each of the pregnancy complications included in the 
composite outcome and other pregnancy complications 
of diff erent severity, as outlined in the analysis plan. We 
calculated risk diff erences using generalised estimating 
equations to adjust for clustering at the study level. If 
expected counts were less than fi ve, an adjustment was 
considered unfeasible and no formal test was done. 
Subgroup analyses were planned a priori based on clinical 
plausibility and existing evidence that the subgroups 
might be relevant.24 We used SAS version 9.3 for all 
statistical analyses. This study is registered with 
PROSPERO, number CRD42013006249.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. MAR, TR, RM, and NJL had complete access 
to the data, and all authors had fi nal responsibility for the 
decision to submit for publication. 

Results
The dataset included a total of 963 eligible women from 
eight published trials that were done between 2000 and 

2013 (fi gure). The ALIFE20 and HABENOX19 trials 
enrolled women with a history of pregnancy loss, 
NOH-PE13 included women with previous pre-
eclampsia, and NOH-AP16 enrolled women with 
previous placental abruption that led to delivery. 
HAPPY,17 FRUIT,12 TIPPS,18 and the trial by Rey and 
colleagues15 included women with various previous 
placenta-mediated pregnancy complications, although 
pre-eclampsia was the most common complication 
(table 1). Trial participants might have had more than 
one previous complication.

Overall, the eight studies were consistent in the risk of 
bias (full results of study quality assessments are 
available in the appendix). All trials included open-label 
low-molecular-weight heparin and, as such, masking of 
patients was graded as high risk for six of the eight 
studies; the primary outcome of livebirth was considered 
to be objective and unlikely to be infl uenced by the 
absence of masking for the other two studies.19,20 
Two studies were graded as unclear risk for selective 
outcome reporting because trial registration or a protocol 
was not available.13,16 All studies had funding but the 
involvement of the supporting agency was clearly 
described in all papers as not infl uencing the results. 
Overall, the risk of bias was not substantial enough to 
aff ect decisions regarding trial inclusion. 

All participants 
(n=963)

LMWH 
(n=480)

No LMWH 
(n=483)

Maternal age (years; missing=1) 30·9 (5·0) 30·9 (4·8) 30·8 (5·1)

Race

White 795/905 (88%) 409/457 (89%) 386/448 (86%)

Black 58/905 (6%) 23/457 (5%) 35/448 (8%)

Asian 31/905 (3%) 16/457 (4%) 15/448 (3%)

Other 21/905 (2%) 9/457 (2%) 12/448 (3%)

Body-mass index (kg/m2; missing=38) 25·0 (22·4–27·8) 25·1 (22·5–27·7) 24·9 (22·3–28·0)

Thrombophilia 

FVL mutation, heterozygous 187/951 (20%) 94/475 (20%) 93/476 (20%)

FVL mutation, homozygous 5/951 (1%) 2/475 (<1%) 3/476 (1%)

Prothrombin mutation, heterozygous 78/943 (8%) 43/470 (9%) 35/473 (7%)

Prothrombin mutation, homozygous 1/943 (<1%) 0/470 (0%) 1/473 (<1%)

Antithrombin defi ciency 6/939 (1%) 2/471 (<1%) 4/468 (1%)

Protein C defi ciency 18/945 (2%) 8/476 (2%) 10/469 (2%)

Protein S defi ciency 106/943 (11%) 52/475 (11%) 54/468 (12%)

Antiphospholipid antibodies 31/882 (4%) 20/436 (5%) 11/446 (2%)

Smoker 74/912 (8%) 36/453 (8%) 38/459 (8%)

Chronic hypertension 154/757 (20%) 80/378 (21%) 74/379 (20%)

Type 1 or 2 diabetes outside of pregnancy  0/832 (0%) 0/415 (0%) 0/417 (0%)

Venous thromboembolism 

Maternal history 10/958 (1%) 5/478 (1%) 5/480 (1%)

Family history 34/840 (4%) 19/418 (5%) 15/422 (4%)

Arterial vascular disease (family history) 152/643 (24%) 84/320 (26%) 68/323 (21%)

Data are mean (SD), n/N (%), or median (lowest quartile and highest quartile). LMWH=low-molecular-weight heparin. 
FVL=Factor V Leiden. 

Table 2: Characteristics of study participants 
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We noted no important imbalances between the 
treatment groups for demographic and clinical 
characteristics (table 2) or previous pregnancy history 
(table 3). The mean age of participants was 30·9 years 
(SD 5·0) and most were white. Most were enrolled in 
Europe (712/963; 74%), followed by North America 
(206/963; 21%) and Australia (45/963; 5%). Around a fi fth 
had chronic hypertension and 8% (74/912) smoked. By 
design, all participants had had a previous pregnancy and 
most were in their second pregnancy. The most frequent 
previous placenta-mediated complication was pre-
eclampsia and many women had severe or early-onset 
disease. About a third had given birth to an SGA neonate 
in less than the 10th percentile of birthweight, and about 
a third had previous placental abruption. Preterm delivery 
before 34 weeks’ gestation was also common, and 361/963 
(37·5%) had had at least one previous pregnancy loss. 

The prevalence of thrombophilia varied substantially 
between trials, since in some cases this was stipulated by 
the protocol: the TIPPS18 and FRUIT12 trials required a 

diagnosis of thrombophilia for inclusion, whereas Rey 
and colleagues15 excluded women with thrombophilia. 
Overall, 403/963 (42%) of the individual patient data meta-
analysis sample was diagnosed with thrombophilia. In the 
eight trials, women allocated to the low-molecular-weight 
heparin treatment groups received dalteparin, enoxaparin, 
or nadroparin (drug, dose, and schedule of administration 
for each trial are in table 1). The use of aspirin also diff ered 
by trial: in some, it was provided to women in both the 
intervention and control groups;12,13,19,20 in others, the daily 
use of aspirin was at the discretion of the investigator and 
its use was recorded15,18 or was given to women meeting 
specifi c clinical criteria.16 In one trial regular aspirin use 
was discouraged.17 Two trials included a placebo control, 
matching the aspirin intervention.19,20 The two trials that 
enrolled women with a history of pregnancy loss started 
the intervention very early, before 7 weeks’ gestation;19,20 
most of the other trials required randomisation before 
12 weeks’ gestation, whereas two allowed randomisation 
to occur later, but before 17 weeks’15 or 20 weeks’ gestation.18 
All trials continued the intervention until at least 36 weeks’ 
gestation or, in some cases, the onset of labour. Subgroup 
analyses enabled us to explore diff erences between 
participants and interventions.

In our primary outcome analysis, low-molecular-weight 
heparin did not signifi cantly reduce the risk of recurrent 
placenta-mediated pregnancy complications (low-
molecular-weight heparin 62/444 (14%) versus no low-
molecular-weight heparin 95/443 (22%), absolute 
diff erence –8%, 95% CI –17·3 to 1·4, p=0·09; relative risk 
(RR) 0·64, 95% CI 0·36–1·11; p=0·11). We noted signifi cant 
heterogeneity between single-centre and multicentre trials 
(table 4). In multicentre trials, no eff ect of low-molecular-
weight heparin was shown in the primary composite 
outcome, its component outcomes, and almost all 
secondary outcomes. However, in single-centre trials, low-
molecular-weight heparin seemed to prevent the composite 
primary outcome, the individual components of the 
composite outcome, and almost all secondary outcomes.

In subgroup analyses, we noted similar heterogeneity 
between multicentre and single-centre studies. In the 
multicentre trials, low-molecular-weight heparin did not 
prevent the composite primary outcome in women with 
previous pre-eclampsia, previous pregnancy loss, or 
previous birth of SGA neonates, irrespective of the severity 
of these previous complications (table 5). However, in 
single-centre trials, we noted a benefi cial eff ect of low-
molecular-weight heparin in women with previous pre-
eclampsia, pregnancy loss, and previous birth of an SGA 
child, regardless of the severity of any previous 
complications. A benefi cial eff ect of low-molecular-weight 
heparin was noted in women with previous placental 
abruption in both single-centre and multicentre trials.

In women with inherited or acquired thrombophilia 
and previous placenta-mediated pregnancy compli-
cations we noted no diff erences between the low-
molecular-weight heparin groups and the groups 

All participants 
(n=963)

LMWH 
(n=480)

No LMWH 
(n=483)

Gravida (includes current pregnancy)*

2 633/963 (66%) 318/480 (66%) 315/483 (65%)

≥3 330/963 (34%) 162/480 (34%) 168/483 (35%)

Previous livebirths

0 147/963 (15%) 81/480 (17%) 66/483 (14%)

1 724/963 (75%) 355/480 (74%) 369/483 (76%)

2 66/963 (7%) 30/480 (6%) 36/483 (7%)

≥3 26/963 (3%) 14/480 (3%) 12/483 (2%)

Previous pregnancy losses

0 602/963 (63%) 304/480 (63%) 298/483 (62%)

1 163/963 (17%) 79/480 (16%) 84/483 (17%)

2 72/963 (7%) 36/480 (8%) 36/483 (7%)

≥3 126/963 (13%) 61/480 (13%) 65/483 (13%)

Previous late-pregnancy losses 

After 12 weeks’ GA (2 or more losses) 233/919 (25%) 114/461 (25%) 119/458 (26%)

After 16 weeks’ GA (1 or more losses) 270/930 (29%) 136/466 (29%) 134/464 (29%)

After 20 weeks’ GA (1 or more losses) 177/903 (20%) 90/457 (20%) 87/446 (20%)

Previous SGA neonates

SGA <10th percentile 317/906 (35%) 161/453 (36%) 156/453 (34%)

SGA <5th percentile 166/793 (21%) 82/403 (20%) 84/390 (22%)

SGA <3rd percentile 70/680 (10%) 31/346 (9%) 39/334 (12%)

Previous placental abruption 286/886 (32%) 143/441 (32%) 143/445 (32%)

Previous pre-eclampsia 

Pre-eclampsia 595/963 (62%) 293/480 (61%) 302/483 (63%)

Severe pre-eclampsia 441/851 (52%) 225/434 (52%) 216/417 (52%)

Early-onset pre-eclampsia 307/801 (38%) 160/407 (39%) 147/394 (37%)

Previous preterm delivery

<37 weeks’ GA 751/960 (78%) 378/480 (79%) 373/480 (78%)

<34 weeks’ GA 605/960 (63%) 307/480 (64%) 298/480 (62%)

Data are n/N (%). LMWH=low-molecular-weight heparin. GA=gestational age. SGA=small for gestational age. 
*Seven study participants had multiple gestations (twins) in the current pregnancy.

Table 3: Pregnancy history of study participants 
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All trials Multicentre trials Single-centre trials

LMWH 
(n=480)

No LMWH 
(n=483)

Absolute diff erence 
(95% CI), p value 

LMWH 
(n=288)

No LMWH 
(n=291)

Absolute diff erence 
(95% CI), p value 

LMWH 
(n=192)

No LMWH 
(n=192)

Absolute diff erence 
(95% CI), p value 

Primary composite outcome of early-onset or severe 
pre-eclampsia, or SGA <5th percentile, or placental 
abruption, or pregnancy loss ≥ 20 weeks’ gestation*

62/444 
(14%)

95/433 
(22%)

–8·0% (–17·3 to 
1·4), p=0·09

47/263 
(18%)

47/255 
(18%)

–0·6% (–10·4 to 9·2), 
p=0·91

15/181 
(8%)

48/178 
(27%)

–18·7% (95% CI 
–21·6 to –15·7), 
p<0·0001

Secondary outcomes 

Placental abruption 15/469 
(3%)

31/474 
(7%)

–3·3% (–6·7 to 
–0·1), p=0·0491 

5/277 
(2%)

7/282 
(2%)

–0·7% (–4·0 to 2·6), 
p=0·69 

10/192 
(5%)

24/192 
(13%)

–7·3% (–9·0 to –5·6), 
p<0·0001

Placental abruption leading to delivery 5/469 
(1%)

10/474 
(2%)

–1·0% (–2·4 to 0·3), 
p=0·14

3/277 
(1%)

5/282 
(2%)

† 2/192 
(1%)

5/192 
(3%)

† 

Any pregnancy loss* 46/477 
(10%)

64/478 
(13%)

–3·8% (–9·5 to 2·0), 
p=0·20

30/285 
(11%)

37/286 
(13%)

–2·4% (–11·3 to 6·5), 
p=0·60 

16/192 
(8%)

27/192 
(14%)

–5·7% (–7·8 to –3·7), 
p<0·0001

Pre-eclampsia§ 41/444 
(9%)

67/433 
(15%)

–6·2% (–13·1 to 
0·6), p=0·08 

29/263 
(11%)

32/255 
(13%)

–1·5% (–10·0 to 7·0), 
p=0·73

12/181 
(7%)

35/178 
(20%)

–13·0% (–16·4 to 
–9·6), p<0·0001 

Severe pre-eclampsia§ 22/442 
(5%)

43/433 
(10%)

–5·0% (–11·2 to 
1·3), p=0·12 

19/261 
(7%)

19/255 
(7%)

–0·2% (–6·4 to 6·0), 
p=0·96

3/181 
(2%)

24/178 
(13%)

–11·8% (–16·6 to 
–7·1), p<0·0001

Early-onset pre-eclampsia§ 18/444 
(4%)

32/433 
(7%)

–3·3% (–7·9 to 1·2), 
p=0·15 

11/263 
(4%)

14/255 
(5%)

–1·3% (–7·5 to 4·9), 
p=0·68 

7/181 
(4%)

18/178 
(10%)

–6·2% (–10·5 to –2·0), 
p=0·0037 

Severe or early-onset pre-eclampsia§ 31/444 
(7%)

51/433 
(12%)

–4·8% (–11·6 to 
2·0), p=0·17 

24/263 
(9%)

22/255 
(9%)

0·5% (–6·8 to 7·8), 
p=0·89

7/181 
(4%)

29/178 
(16%)

–12·4% (–16·5 to 
–8·4), p<0·0001

HELLP syndrome§ 2/384 
(1%)

11/370 
(3%)

–2·5% (–4·4 to 
–0·6)(p=0·0112) 

1/203 
(<1%)

3/192 
(2%)

† 1/181 
(1%)

8/178 
(4%)

† 

SGA <10th percentile§ 61/444 
(14%)

94/429 
(22%)

–8·2% (–14·3 to 
–2·0), p=0·0094 

47/263 
(18%)

53/251 
(21%)

–3·2% (–9·6 to 3·1), 
p=0·32

14/181 
(8%)

41/178 
(23%)

–15·3% (–19·1 to 
–11·5), p<0·0001 

SGA <5th percentile§ 27/443 
(6%)

38/429 
(9%)

–2·8% (–5·4 to 
–0·1), p=0·0417 

22/262 
(8%)

23/251 
(9%) 

–0·8% (–3·7 to 0·2), 
p=0·61

5/181 
(3%)

15/178 
(8%)

–5·7% (–6·1 to –5·2), 
p<0·0001

SGA <3rd percentile§ 13/443 
(3%)

12/429 
(3%)

–0·1% (–1·9 to 2·2, 
p=0·89

13/262 
(5%)

9/251 
(4%)

1·4% (–1·3 to 4·1), 
p=0·32

0/181 3/178 
(2%)

† 

Pregnancy loss ≥20 weeks’ gestation§ 13/444 
(3%)

18/432 
(4%)

–1·2% (–4·2 to 1·8), 
p=0·42 

8/263 
(3%)

5/254 
(2%)

1·1% (–2·1 to 4·2), 
p=0·50

5/181 
(3%)

13/178 
(7%)

–4·5% (–7·0 to –2·1), 
p=0·0003

Preterm delivery <37 weeks’ gestation§ 131/431 
(30%)

136/414 
(33%)

–2·5% (–9·7 to 4·5), 
p=0·49 

58/255 
(23%)

48/249 
(19%)

3·5% (–1·3 to 8·2), 
p=0·15

73/176 
(41%)

88/165 
(53%)

–11·9% (–13·5 to 
–10·3), p<0·0001 

Preterm delivery <34 weeks’ gestation§ 28/431 
(6%)

45/414 
(11%)

–4·4% (–9·0 to 0·3), 
p=0·07 

17/255 
(7%)

19/249 
(8%)

–1·0% (–4·7 to 2·8), 
p=0·61 

11/176 
(6%)

26/165 
(16%)

–10·0% (–14·6 to 
–4·4), p=0·0003 

Neonatal death within 28 days of birth§ 3/423 
(1%)

9/406 
(2%)

–1·5% (–3·1 to 0·1), 
p=0·07 

1/247 
(<1%)

2/241 
(1%)

† 2/176 
(1%)

7/165 
(4%)

† 

Safety outcomes

Venous thromboembolism 1/468 
(<1%)

2/457 
(<1%)

† 1/276 
(<1%)

2/265 
(1%)

† 0/192 0/192 ··

Allergic reaction to LMWH 9/480 
(2%)

1/483 
(<1%)

† 9/288 
(3%)

1/291 
(<1%)

† 0/192 0/192 ··

Antepartum major bleeding‡ 1/470 
(<1%)

3/473 
(1%)

† 0/278 0/281 ·· 1/192 
(1%)

3/192 
(2%)

†

Peripartum major bleeding 10/404 
(2%)

12/395 
(3%)

–0·3% (–1·6 to 1·0), 
p=0·30

10/212 
(5%)

10/203 
(5%)

0·2% (–2·0 to 2·6), 
p=0·80

0/192 2/192 
(1%)

–1·0% (–2·5 to 0·4), 
p=0·50

Post-partum major bleeding 3/470 
(1%)

4/473 
(1%)

† 3/278 
(1%)

4/281 
(1%)

† 0/192 0/192 ··

Thrombocytopenia 14/469 
(3%)

6/476 
(1%)

1·7% (–2·2 to 5·7), 
p=0·40

14/277 
(5%)

6/284 
(2%)

2·9% (–3·8 to 9·7), 
p=0·40

0/192 0/192 ··

Heparin-induced thrombocytopenia 0 0 ·· 0 0 ·· 0 0 ··

Osteoporotic fracture 0 0 ·· 0 0 ·· 0 0 ··

Maternal death 0 0 ·· 0 0 ·· 0 0 ··

Outcomes noted for study participants according to treatment allocation (intention to treat). Relative risk for the primary outcome diff erence for all trials 0·64, 95% CI 0·36–1·11; p=0·11. Data are n/N (%). 
LMWH=low-molecular-weight heparin. SGA=small for gestational age. ··=not applicable. *Excludes eight women with terminations for medical reasons other than the primary outcome. †Expected counts were 
less than fi ve, therefore an adjustment was considered unfeasible and no formal test was done. §Excludes 86 women that had a pregnancy loss before 20 weeks’ gestation or had a pregnancy termination for 
medical reasons other than the primary outcome. ‡All antepartum major bleeding was associated with the primary outcome event of placental abruption. 

Table 4: Primary, secondary, and safety outcomes 
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allocated to receive no low-molecular-weight heparin in 
multicentre trials; however, we noted a benefi cial low-
molecular-weight heparin eff ect in women with 
inherited or acquired thrombophilia and previous 
placenta-mediated pregnancy complications in single-

centre trials (table 5). This fi nding was replicated when 
subgroups of women with weak thrombophilia (ie, 
heterozygosity for the Factor V Leiden or prothrombin 
gene variants), moderate, and more potent 
thrombophilias were analysed separately.

All trials Multicentre trials Single-centre trials

LMWH 
(n=444)

No LMWH 
(n=433)

Absolute 
diff erence (95% 
CI), p value 

LMWH 
(n=288)

No LMWH 
(n=291)

Absolute 
diff erence (95% 
CI), p value  

LMWH 
(n=192)

No LMWH 
(n=192)

Absolute 
diff erence 
(95% CI), 
p value 

Previous pregnancy complication 

Any pre-eclampsia 37/276 (13%) 73/285 (26%) –12·2% (–20·2 to 
-4·3), p=0·0026 

26/139 (19%) 36/146 (25%) –6·0% (–18·2 to 
6·3), p=0·34

11/137 (8%) 37/139 (27%) –18·6% 
(–22·2 to 
–15·0), 
p<0·0001

Severe pre-eclampsia 26/212 (12%) 50/203 (25%) –12·4% (–21·8 to 
–2·9), p=0·0104

18/94 (19%) 20/88 (23%) –3·6% (–22·3 to 
15·2), p=0·71

8/118 (7%) 30/115 (26%) –19·3% 
(–25·4 to 
–13·2), 
p<0·0001

Early-onset pre-eclampsia 23/152 (15%) 36/141 (26%) –10·4% (–22·2 to 
1·4), p=0·08

22/103 (21%) 25/95 (26%) –5·0% (–20·7 to 
10·8), p=0·54

1/49 (2%) 11/46 (24%) –21·9% 
(–27·5 to 
–16·2), 
p<0·0001

Severe or early-onset pre-eclampsia 33/239 (14%) 57/228 (25%) –11·1% (–20·7 to 
–1·7), p=0·0207

25/121 (21%) 27/113 (24%) –3·2% (–18·4 to 
12·0), p=0·68

8/118 (7%) 30/115 (26%) –19·3% 
(–25·4 to 
–13·2), 
p<0·0001

Any previous loss after 12 weeks’ 
gestation

22/128 (17%) 19/114 (17%) 0·5% (–10·7 to 
11·8), p=0·93

22/128 (17%) 19/114 (17%) 0·5% (–10·7 to 
11·8), p=0·93

0 0 ·· 

One or more late losses after 16 weeks’ 
gestation

21/120 (18%) 19/109 (17%) 0·07% (– 11·9 to 
12·2), p=0·99 

21/120 (18%) 19/109 (17%) 0·07% (–11·9 to 
12·2), p=0·99

0 0 ·· 

Two or more late losses after 12 weeks’ 
gestation

4/22 (18%) 2/14 (14%) * 4/22 (18%) 2/14 (14%) * 0 0 ·· 

SGA <10th percentile 24/152 (16%) 40/145 (28%) –11·8% (–25·3 to 
1·7), p=0·09

21/105 (20%) 22/95 (23%) –3·2% (–16·8 to 
10·5), p=0·65

3/47 (6%) 18/50 (36%) –30·0% 
(–40·0 to 
–19·3), 
p<0·0001

SGA <5th percentile 9/77 (12%) 20/77 (26%) –14·3% (–27·1 to 
–0·7), p=0·04

8/59 (14%) 13/56 (23%) –10·0% (–26·5 to 
7·2), p=0·26

1/18 (6%) 7/21 (33%) * 

SGA <3rd percentile 6/31 (19%) 11/35 (31%) –12·1% (–35·7 to 
11·5), p=0·32 

6/21 (29%) 6/25 (24%) 4·6% (–6·3 to 
15·5), p=0·41 

0/10 4/10 (40%) * 

Any pre-eclampsia and 
SGA <10th percentile

13/91 (14%) 30/97 (31%) –16·6% (–28·5 to 
–4·8), p=0·0058

11/53 (21%) 16/55 (29%) –8·3% (–26·5 to 
9·9), p=0·37

2/38 (5%) 14/42 (33%) –27·8% 
(– 37·5 to 
–18·7), 
p<0·0001

Any pre-eclampsia and 
SGA <5th percentile

6/53 (11%) 13/50 (26%) –14·7% (–31·1 to 
1·7), p=0·08 

5/35 (14%) 8/33 (24%) –10·0% (–36·8 to 
16·9), p=0·47

1/18 (6%) 5/17 (29%) * 

Any pre-eclampsia and 
SGA <3rd percentile

3/15 (20%) 4/15 (27%) * 3/5 (60%) 1/7 (14%) * 0/10 3/8 (38%) * 

Any placental abruption 11/138 (8%) 33/134 (25%) –16·7% (–23·0 to 
–10·4), p<0·0001

3/48 (6%) 9/47 (19%) –12·9% (–22·1 to 
–3·7), p=0·006 

8/90 (9%) 24/87 (28%) –18·7% 
(–24·7 to 
–12·7), 
p<0·0001

Placental abruption leading to delivery 10/122 (8%) 32/118 (27%) –18·9% (–22·8 to 
–15·1), p<0·0001 

3/45 (7%) 9/42 (21%) –14·8% (–23·3 to 
–6·3), p=0·0007 

7/77 (9%) 23/76 (30%) –21·2% 
(–33·3 to 
–9·0), 
p<0·0001

Any placental abruption with any 
pre-eclampsia

5/65 (8%) 20/69 (29%) –21·3% (–29·7 to 
–12·9), p<0·0001

1/19 (5%) 7/21 (33%) * 4/46 (9%) 13/48 (27%) –18·4% 
(–29·0 to 
–7·7), 
p=0·0007

(Table 5 continues on next page)
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Exploration of diff erences in treatment dose, timing of 
low-molecular-weight heparin initiation, and concom-
itant aspirin use subgroups revealed a similar pattern of 
no benefi t of low-molecular-weight heparin in 
multicentre trials but suggestion of a low-molecular-
weight heparin benefi t in single-centre trials (table 5).

In the analysis of safety outcomes, we noted few events 
and no diff erences between groups. We saw no serious 

adverse reactions to low-molecular-weight heparin, 
including heparin-induced thrombocytopenia, osteo-
porotic fractures, or maternal death. Ten allergic 
reactions occurred that were severe enough to require 
discontinuation of low-molecular-weight heparin; one 
was a control group crossover to low-molecular-weight 
heparin. In the antepartum period, four women 
haemorrhaged and met our defi nition of major bleeding. 

All trials Multicentre trials Single-centre trials

LMWH 
(n=444)

No LMWH 
(n=433)

Absolute 
diff erence (95% 
CI), p value 

LMWH 
(n=288)

No LMWH 
(n=291)

Absolute 
diff erence (95% 
CI), p value  

LMWH 
(n=192)

No LMWH 
(n=192)

Absolute 
diff erence 
(95% CI), 
p value 

(Continued from previous page)

Thrombophilia 

No thrombophilia 26/258 (10%) 58/246 (24%) –13·5% (–18·1 to 
–8·9), p<0·0001

11/103 (11%) 19/94 (20%) –9·5% (–22·0 to 
2·9), p=0·13

15/155 (10%) 39/152 (26%) –16·0% 
(– 17·0 to 
–15·0), 
p<0·0001

Weak thrombophilia (heterozygous FVL 
or PGM)

21/112 (19%) 24/114 (21%) –2·3% (–17·6 to 
13·0), p=0·77

21/86 (24%) 17/91 (19%) 5·7% (–5·1 to 
16·5), p=0·29

0/26 7/23 (30%) –30·0% 
(– 49·2 to 
–11·6), 
p=0·0029

Moderate thrombophilia (defi ciency of 
protein C or S)

6/40 (15%) 9/53 (17%) –2·0% (–13·8 to 
9·9), p=0·74 

6/40 (15%) 8/51 (16%) –0·7% (–11·6 to 
10·2), p=0·90

0 0 ··

Strong thrombophilia (antithrombin 
defi ciency, antiphospholipid antibodies, 
homozygous FVL or PGM, or more than 
one thrombophilia)

9/34 (26%) 4/20 (20%) * 9/34 (26%) 3/19 (16%) * 0 0 ··

LMWH treatment 

Low dose (nadroparin 2850 IU or 
3800 IU; enoxaparin 4000 IU; or 
dalteparin ≤5000 IU per day) 

42/354 (12%) 95/433 (22%) –10·1% (–18·3 to 
–1·9), p=0·016

27/173 (16%) 47/255 (18%) –2·8% (–12·8 to 
7·2), p=0·58 

15/181 (8%) 48/178 (27%) –18·7% 
(–21·6 to 
-15·7), 
p<0·0001

Intermediate dose (>5000 IU dalteparin 
per day)

20/90 (22%) 95/433 (22%) 0·28% (–6·5 to 
7·1), p=0·93

20/90 (22%) 47/255 (18%) 3·8% (–2·7 to 
10·3), p=0·25

·· ·· ··

Aspirin treatment 

Daily aspirin 37/260 (14%) 72/262 (27%) –13·3% (–23·2 to 
–3·3), p=0·0091

26/146 (18%) 32/140 (23%) –5·1% (–15·7 to 
5·6), p=0·35

11/114 (10%) 40/122 (33%) –23·1% 
(–37·4 to 
–8·9), 
p=0·0014 

No aspirin 25/181 (14%) 22/156 (14%) –0·3% (–9·0 to 
8·4), p=0·95 

21/114 (18%) 14/100 (14%) 4·4% (–3·3 to 
12·2), p=0·26

4/67 (6%) 8/56 (14%) –8·3% 
(–19·1 to 
2·5), p=0·13 

Time of LMWH initiation 

Before 10 weeks’ gestation 38/303 (13%) 95/433 (22%) –9·4% (–19·1 to 
0·3), p=0·06 

23/122 (19%) 47/255 (18%) 0·4% (–12·1 to 
12·9), p=0·95

15/181 (8%) 48/178 (27%) –18·7% 
(–21·6 to 
–15·7), 
p<0·0001

Before 16 weeks’ gestation 58/416 (14%) 95/433 (22%) –8·0% (–17·8 to 
1·8), p=0·11

43/235 (18%) 47/255 (18%) –0·1% (–11·0 to 
10·7), p=0·98

15/181 (8%) 48/178 (27%) –18·7% 
(–21·6 to 
–15·7), 
p<0·0001

Before 20 weeks’ gestation 62/441 (14%) 95/443 (21%) –7·9% (–17·4 to 
1·6), p=0·10

47/260 (18%) 47/255 (18%) –0·4% (–10·4 to 
9.7), p=0·94

15/181 (8%) 48/178 (27%) –18·7% 
(–21·6 to 
–15·7), 
p<0·0001

Data are n/N (%). LMWH=low-molecular-weight heparin. SGA=small for gestational age. FVL=Factor V Leiden. PGM=prothrombin gene mutation. ··=not applicable . *Expected counts were less than fi ve, 
therefore an adjustment was considered unfeasible and no formal test was done.  

Table 5: Primary outcome according to patient subgroup 
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All of these events were attributable to placental 
abruption and are captured as primary outcome events. 
Two of these women were randomly assigned to low-
molecular-weight heparin; the other two were in the 
control group and did not receive either low-molecular-
weight heparin or aspirin. In the peripartum and post-
partum periods, the incidence of major bleeding did not 
diff er between the treatment and control groups.

Discussion 
In this individual patient data meta-analysis, low-
molecular-weight heparin did not signifi cantly reduce 
the risk of recurrent placenta-mediated pregnancy 
complications in women with previous complications. 
Importantly, this fi nding also applies to subgroups of 
women with previous pre-eclampsia, previous severe 
pre-eclampsia, previous early-onset pre-eclampsia, 
previous late pregnancy loss (one or more losses after 
16 weeks), previous recurrent late pregnancy loss (two or 
more losses after 12 weeks), previous births of babies 
who were mildly SGA (<10th percentile) or  more severely 
SGA (<5th percentile). 

The absence of eff ect of low-molecular-weight heparin 
might refl ect the multifactorial pathophysiology for these 
placenta-mediated pregnancy complications. Indeed, the 
cumulative observational scientifi c literature exploring 
the association between thrombophilia and placenta-
mediated pregnancy complications suggests a weak 
association with pregnancy loss, severe pre-eclampsia, 
SGA birth less than the 3rd percentile, and abruption, 
but no association with any pre-eclampsia or less severe 
SGA birth.29,30 Overall, fi ndings from observational 
research, and now experimental research, suggest that 
placental thrombosis might not be a major contributor to 
placenta-mediated pregnancy complications. As we learn 
more about the underlying disease mechanisms for 
placenta-mediated pregnancy complications and develop 
pragmatic diagnostic tools to identify when these 
mechanisms are in play, we might be able to defi ne 
patient subgroups that could benefi t from low-molecular-
weight heparin.

Results in a small subgroup of patients with previous 
abruption suggest low-molecular-weight heparin might 
prevent placenta-mediated pregnancy complications in 
subsequent pregnancies but this fi nding requires 
confi rmation in future multicentre trials before it can be 
adopted in routine clinical practice. This fi nding might 
seem counter-intuitive, given that placental abruption is 
a bleeding complication. However, low-molecular-weight 
heparin might prevent the placental infarction that often 
precedes bleeding into placental infarcts, which 
manifests clinically as placental abruption. In the 
absence of strong evidence or proven treatment 
alternatives, personalised medicine and counselling will 
be important in the decision-making process when 
considering low-molecular-weight heparin for women 
with a history of placental abruption. 

Our previous pooled summary-based meta-analysis23 of 
six trials included 848 pregnant women with a history of 
pre-eclampsia, birth of an SGA neonate (<10th 
percentile), placental abruption, or late pregnancy loss 
(after more than 12 weeks’ gestation). The primary 
fi nding was that 67 of 358 (19%) women given low-
molecular-weight heparin during pregnancy had 
recurrent severe placenta-mediated pregnancy 
complications, compared with 127 of 296 (43%) women 
with no low-molecular-weight heparin (RR reduction 
48%, 95% CI 14–68%; I² 69%). However, since these 
meta-analysis results applied to a heterogeneous group 
of women with a mixture of previous placenta-mediated 
pregnancy complications of varying  severity, and the 
primary outcome for the meta-analysis was a composite 
of all placenta-mediated complications (also of varying 
severity), which subgroups of women derive the most 
benefi t from low-molecular-weight heparin was unclear 
(ie, which outcomes were reduced and outcomes of what 
severity were aff ected). The limitations of this meta-
analysis supported the need to do an individual patient 
data meta-analysis.

A strength of our study was the inclusion of individual 
patient data from the largest, and almost all, completed 
trials that assessed low-molecular-weight heparin to 
prevent placenta-mediated pregnancy complications. 
Limitations included that the primary analysis of the 
individual patient data meta-analysis also included a 
heterogeneous group of women with diff erent previous 
placenta-mediated pregnancy complications, the 
interventions in the eight trials included three low-
molecular-weight heparins of diff ering doses, gestational 
age varied at treatment initiation, co-intervention with 
aspirin varied, and that the primary outcome was a 
composite of four complications. However, the 
advantages of individual patient data meta-analyses lie in 
the ability to do subgroup analyses that are hypothesised 
to be clinically relevant, provision of a rich dataset from 
individual patient data, and greater statistical power than 
conventional meta-analyses.31,32 The individual patient 
data meta-analysis enabled us to explore clinical, 
methodological, and statistical heterogeneity more 
robustly. We acknowledge that some of the subgroups 
included patients with rare outcomes and these analyses 
were restricted by small samples. 

Other limitations of our study are that there might 
have been smaller absolute decreases in event rates than 
we had suffi  cient power to explore. However, this 
limitation depends strongly on what is valued as the 
minimal clinically important diff erence. Given our 
observed composite primary outcome event rate of 18% 
in the control group of the multicentre trials, an 
adequately powered (80%) trial to detect a 3%, 6%, or 9% 
absolute reduction (17%, 33%, or 50% RR reduction, or 
number needed to treat of 33, 17, or 11) would require 
2400, 555, or 226 participants per group, respectively. 
Hence, if clinicians, patients, and policy makers are 
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willing to accept high numbers needed to treat, and 
hence small minimal clinically important diff erences, 
then larger clinical trials will be required to defi nitively 
answer this question. However, we believe that most 
would agree that numbers needed to treat must be 
reasonably small (eg, ten or less) to justify using these 
burdensome and expensive injections throughout 
pregnancy. Finally, three ongoing trials (NCT00986765, 
NCT01388322, and ACTRN12609000699268) comparing 
low-molecular-weight heparin to no low-molecular-
weight heparin in women with previous pre-eclampsia 
will provide additional data to explore smaller absolute 
risk diff erences with improved power.

The results obtained in single-centre trials contrasted 
starkly with those from the multicentre trials. However, 
this eff ect has been observed in critical-care trials33 and in 
many other disease areas.34 Indeed, in a meta-epidemi-
ological study, single-centre trials exaggerated treatment 
eff ects by more than 25%, and the investigators suggested 
that results from single-centre trials should be considered 
separately from those from multicentre trials when meta-
analyses are interpreted. Possible explanations for 
diff erences in treatment eff ects in single-centre trials 
compared with multicentre trials exploring low-
molecular-weight heparin to prevent recurrent placenta-
mediated pregnancy complications include publication 
bias, lower trial quality, and co-interventions. 

Publication bias might occur when fi ndings from small, 
single-centre trials with negative results are not published 
and hence would not be included in our meta-analysis. 
Although we searched trial registration websites for any 
trials to avoid publication bias, clinical trial registration 
only became ma ndatory in many jurisdictions in the early 
2000s, leading to the possibility that small trials with 
negative results were unpublished and never registered. 
Single-centre trials are sometimes of lower quality and 
empirically trials of lower quality are associated with 
larger treatment eff ects.35,36 Indeed, our risk of bias 
assessment suggests that the single-centre trials in our 
individual patient data meta-analysis were at higher risk of 
bias because the single-centre trials were not registered. 
Finally, co-intervention, such as closer follow-up of women 
in the low-molecular-weight heparin arms in the single-
centre trials, could have led to an apparent low-molecular-
weight heparin treatment eff ect. Closer follow-up, in and 
of itself, might prevent recurrent pregnancy loss.37,38 We do 
not believe that the single-centre trials showed a greater 
treatment eff ect because of diff erences in treatment 
regimens, because the highest doses of low-molecular-
weight heparin were used in a multicentre trial. 

In conclusion, overall low-molecular-weight heparin 
does not seem to reduce the risk of recurrent placenta-
mediated pregnancy complications. Results in a small 
subgroup of women with previous abruption suggest 
low-molecular-weight heparin might prevent placenta-
mediated complications in this population, but this 
fi nding should be replicated in future multicentre trials. 
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