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*Department of Social and Preventive Medicine, Université Laval, Québec, Canada; †Department of Obstetrics and Gynecology, Université
Laval, Québec, Canada; ‡Harris Birthright Research Centre for Fetal Medicine, King’s College Hospital, London, UK; §Department of
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ABSTRACT

Objective To estimate the impact of adding
low-molecular-weight heparin (LMWH) or unfrac-
tionated heparin to low-dose aspirin started ≤ 16 weeks’
gestation on the prevalence of pre-eclampsia (PE) and the
delivery of a small-for-gestational-age (SGA) neonate.

Methods A systematic review and meta-analysis of
randomized controlled trials (RCTs) was performed by
searching the medical databases PubMed, EMBASE,
Web of Science and Cochrane Central. Pregnant women
randomized to receive LMWH or unfractionated heparin
in addition to low-dose aspirin were compared with those
who received low-dose aspirin alone. Outcome measures
were PE, severe PE, early-onset PE and SGA. Pooled
relative risks (RRs) with 95% CI were calculated using a
random-effects model.

Results Eight RCTs met the inclusion criteria; the indica-
tion for recruitment was previous recurrent miscarriage in
five studies (three included women with thrombophilia)
and a history of severe or early-onset PE in three studies
(including women with thrombophilia in one). LMWH
was administered in seven studies and unfractionated hep-
arin in one. In women with a history of PE, treatment with
LMWH and aspirin, compared with aspirin alone, was
associated with a significant reduction in development of
PE (three trials (n = 379); RR, 0.54 (95% CI, 0.31–0.92);
P = 0.03) and in delivery of SGA neonates (two tri-
als (n = 363); RR, 0.54 (95% CI, 0.32–0.91); P = 0.02).
These outcomes were not significantly reduced in women
with recurrent miscarriage who received LMWH and
aspirin, compared with aspirin alone. The small number
of studies precluded sensitivity analyses and the evaluation
of publication biases. Blinding to the allocation treatment
was absent in all RCTs.
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Conclusions Based on limited evidence, the addition of
LMWH to low-dose aspirin could reduce the prevalence
of PE and SGA in women with a history of PE. This
observation should be the basis of a well-conducted future
trial rather than a recommendation for immediate clinical
application. Copyright © 2015 ISUOG. Published by
John Wiley & Sons Ltd.

INTRODUCTION

Pre-eclampsia (PE), which occurs in 2–8% of pregnancies,
is associated with evidence of impaired placentation1,2.
Placental vascular lesions and incomplete transformation
of uterine spiral arteries are also found in some
pregnancies that are complicated by the delivery of
small-for-gestational-age (SGA) neonates2. Meta-analyses
of randomized controlled trials (RCTs) have reported
that, in pregnancies at high risk of PE, the prophylactic
use of low-dose aspirin started ≤ 16 weeks’ gestation
can reduce the prevalence of PE and SGA3–5. The
role of heparin in prevention of these conditions is
becoming increasingly apparent, mainly due to its
antithrombotic and anti-inflammatory effects, similar to
those of aspirin6. A Cochrane review concluded that
prophylactic use of heparin in high-risk pregnancies may
reduce the prevalence of PE and SGA; however, the study
included women who did not receive low-dose aspirin7.
A recent randomized trial in 292 pregnant women with
thrombophilia, not included in the Cochrane review,
reported that prophylactic use of low-molecular-weight
heparin (LMWH) does not reduce the occurrence of
placenta-mediated pregnancy complications; however, the
relative risk (RR) for women who were concomitantly
taking low-dose aspirin was 0.30 (95% CI, 0.1–1.1)
compared with 1.20 (95% CI, 0.7–2.2) for those who
were not taking aspirin8.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd. SYSTEMATIC REVIEW
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As it has been demonstrated that aspirin is effective
in early gestation, the objective of this meta-analysis was
to determine if the combined treatment of LMWH and
low-dose aspirin starting ≤ 16 weeks’ gestation is superior
to the administration of low-dose aspirin alone in the
prevention of PE and SGA in women at risk9.

METHODS

Information sources

Included in this meta-analysis were RCTs that com-
pared the administration of a combination of any type
of LMWH or unfractionated heparin and aspirin with
the administration of aspirin alone, started ≤ 16 weeks’
gestation in women at risk of hypertensive disorders.
Studies that included other treatment or cotreatment were
excluded. An electronic search was made of PubMed,
EMBASE, Web of Science and Cochrane Central to
identify studies published from 1945 to March 2015;
references of systematic reviews were investigated to iden-
tify further articles. No language restriction was imposed.
A combination of the following keywords and MeSH
terms were included: ‘heparin’, ‘bemiparin’, ‘certoparin’,
‘dalteparin’, ‘enoxaparin’, ‘nadroparin’, ‘parnaparin’,
‘reviparin’, ‘tinzaparin’, ‘LMWH’, ‘aspirin’, ‘acetylsali-
cylic acid’, ‘preeclampsia’, ‘pre-eclampsia’, ‘PE’, ‘tox-
aemia’, ‘toxemia’ and ‘eclampsia’.

Study selection

Screening of the titles of identified articles was performed
by one reviewer (S.R.). The relevant selected abstracts
were screened separately by two reviewers (S.R. and
M.B.). Final selection and data extraction from the com-
plete articles was performed independently by two review-
ers (M.B. and E.B.) and any discrepancies were resolved
by discussion. The quality of studies was evaluated using
the Cochrane Handbook Criteria tool for judging risk of
bias, and studies with high risk of bias were considered
for sensitivity analysis10. The quality and integrity of this
review were validated with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)11.

The outcome measures were PE, early-onset PE and
SGA. The definition of PE was that of the American
College of Obstetricians and Gynecologists as systolic
blood pressure (BP) ≥ 140 mmHg or diastolic BP
≥ 90 mmHg occurring > 20 weeks’ gestation in a woman
with previously normal BP plus proteinuria, defined as
urinary excretion of ≥ 0.3 g protein in a 24-h urine
specimen or 2+ protein on dipstick12. Considering the
variations in the definition of PE around the world, similar
definitions were accepted13. Early-onset PE was defined as
PE ≤ 34 weeks of gestation. The definition of SGA was a
neonatal birth weight below the 10th, 5th or 3rd percentile
(the first available in this order) for gestational age at
delivery, or an equivalent.

Pooled RRs were computed for dichotomous out-
comes, using Review Manager 5.2.3 software. Global RRs
were calculated according to the DerSimonian and Laird

random-effects model in case of significant heterogeneity
and variance, and fixed-effects model in case of homogene-
ity between studies. Heterogeneity between studies was
analyzed using the Higgins I2 statistic14,15. The distribu-
tion of trials was examined using funnel plots to assess
publication bias16. It was planned to conduct sensitivity
analyses to investigate robustness of the findings and to
assess heterogeneity between studies, with comparison of
the inclusion criteria, blinding, study quality and trial size.

RESULTS

The search of databases identified 1807 potentially eligible
studies and 250 were selected for further evaluation.
Eight (885 participants) met the selection criteria and
were included in the analysis (Figure 1). Gestational age
at treatment randomization varied among the trials but
all women were randomized between the time of a
positive pregnancy test and 14 weeks’ gestation. Three
RCTs used dalteparin17–20, two used enoxeparin21,22,
two did not specify the type of LMWH23,24 and one
used unfractionated heparin25. Three studies recruited
women with a history of PE, one of which included only
women with thrombophilia, and five studies recruited
women with at least two consecutive miscarriages, three
of which included only women with thrombophilia. The
dose of aspirin varied between 75 and 100 mg/day.
The characteristics of each trial, including the number
of patients, inclusion criteria, treatment and outcome
measures are summarized in Table 1.

Due to the wide heterogeneity between inclusion criteria
for the two subgroups of women, we stratified our results
according to the entry criteria and used a random-effects
model. We observed that, in women with a history of
PE, the addition of LMWH to low-dose aspirin reduced
the risk of PE (three trials (n = 379); RR, 0.54 (95% CI,
0.31–0.92); P = 0.03) and SGA (two trials (n = 363);
RR, 0.54 (95% CI, 0.32–0.91); P = 0.02), whereas the
risks for these outcomes were not significantly reduced
in the subgroup of women with recurrent miscarriage
(PE: two trials (n = 211); RR, 0.57 (95% CI, 0.08–4.35);
P = 0.59; SGA: three trials (n = 337); RR, 0.73 (95% CI,
0.18–2.99); P = 0.66 (Figures 2 and 3)). Moreover,
LMWH with low-dose aspirin appears to show a trend in
the reduction of early-onset PE (two trials (n = 155); RR,
0.14 (95% CI, 0.02–1.10); P = 0.06) but not late-onset
PE (two trials (n = 155); RR, 1.20 (95% CI, 0.53–2.72);
P = 0.65) in women with a history of PE.

The Higgins I2 statistic demonstrated no heterogeneity
between studies for PE and early-onset PE (I2 = 0%) and
low heterogeneity for SGA (I2 = 22%). The small number
of included RCTs precluded appropriate analysis of the
funnel plot and other sensitivity analysis and therefore
we cannot exclude selection biases. According to the
Cochrane Handbook Criteria tool for judging risk of
bias, the majority of included studies were judged to have
low or unclear risk of bias, except for the blinding of
the participants as no study used a placebo in the control
group (Figure 4)10.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2016.
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Excluded (n = 32):
• Not an RCT (n = 8)
• Treatment incorrect (n = 14)
• Overlapping publication (n = 5)
• Incomplete outcome (n = 5)RCTs included in final analysis (n = 8*)

Studies meeting inclusion criteria (n = 41)

Potentially appropriate trials to be included in
meta-analysis (n = 250)

Potentially appropriate trials from electronic
search (n = 1807)

Excluded (n = 1557):
• Personal communication, overlapping publication
• Not randomized study with aspirin
• Allocation concealment inadequate
• Relevant outcome not provided

Excluded (n = 209):
• Personal communication, overlapping publication,
   letter, commentary, editorial, meta-analysis, review
• Other study design
• Inappropriate treatment
• Therapy
• Other reason 

Figure 1 Flowchart summarizing study selection of randomized controlled trials (RCTs) comparing combination of low-molecular-weight
heparin and aspirin with aspirin alone for prevention of pre-eclampsia. *One study reported in two publications.

Table 1 Characteristics of eight randomized controlled trials comparing the combination of low-molecular-weight heparin (LMWH) and
low-dose aspirin with aspirin alone for prevention of pre-eclampsia (PE) in high-risk women, which were included in the meta-analysis

Intervention

Reference n
GA at

recruitment Inclusion criteria Heparin Aspirin (mg) Outcome

Farquharson
(2002)24

98 <12 weeks History of ≥ two consecutive
miscarriages and
thrombophilia, positive for
lupus anticoagulant and/or
anticardiolipin
immunoglobulin

Unspecified
LMWH, 5000 IU

75 Perinatal death

Ferrier (2000)17 16 10–12 weeks History of severe PE, renal
disease or chronic hypertension

Dalteparin, 5000 IU 100 PE, severe PE, early/late
PE, perinatal death

de Vries
(2012)19,20

139 < 12 weeks History of early-onset PE and
thrombophilia

Dalteparin,
2500–7500 IU

75–100 PE, SGA, early/late PE

Goel (2006)25 72 < 10 weeks History of ≥ two miscarriages
and anticardiolipin antibodies

Unfractionated
heparin, 5000 IU

80 PE, early/late PE,
perinatal death

Gris (2011)22 224 < 12 weeks History of severe PE Enoxaparin,
4000 IU

100* PE, severe PE, SGA,
perinatal death

Laskin (2009)18 88 First trimester History of ≥ two consecutive
miscarriages and
thrombophilia

Dalteparin, 5000 IU 81 SGA, perinatal death

Malinowski
(2003)23

109 Day 16 of
menstrual
cycle

History of ≥ three consecutive
miscarriages and
thrombophilia

Unspecified
LMWH, 20 mg

75 SGA

Visser (2011)21 139 < 7 weeks History of ≥ three consecutive
miscarriages without
thrombophilia

Enoxaparin, 40 mg 100 PE, SGA

Only the first author of each study is given. *Taken at bedtime. GA, gestational age; SGA, small-for-gestational age.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2016.
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Figure 2 Forest plots of risk of pre-eclampsia (PE) in women with recurrent miscarriage and those with history of PE when randomized to
receive low-molecular-weight heparin and low-dose aspirin or aspirin alone. M–H, Mantel–Haentszel. Studies are stratified according to
inclusion criteria. Only the first author of each study is given.
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Figure 3 Forest plots of risk of small-for-gestational-age neonate in women with recurrent miscarriage and those with history of
pre-eclampsia (PE) when randomized to receive low-molecular weight heparin and low-dose aspirin or aspirin alone. M–H,
Mantel–Haentszel. Studies are stratified according to inclusion criteria. Only the first author of each study is given.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2016.



Prevention of pre-eclampsia 5

0 10 20 30 40 50

Risk of bias (~)

60 70 80 90100

Other bias

Selective reporting

Incomplete outcome data

Blinding of outcome assessment

Blinding of participant and personnel

Allocation concealment

Random sequence allocation

Figure 4 Risk of bias following The Cochrane Handbook10 across
studies included in the meta-analysis. , Low; , unclear; , high.

DISCUSSION

Main findings

The findings of this systematic review and meta-analysis
suggest that, in women who developed PE in a previous
pregnancy, the combination of LMWH and low-dose
aspirin started in early pregnancy is superior to low-dose
aspirin alone for the prevention of early-onset PE and
the delivery of a SGA neonate. In women with recurrent
miscarriage, there appeared to be no benefit, in terms of
occurrence of PE or SGA, of adding LMWH compared
with treatment by aspirin alone.

Comparison of results with those of previous studies

A trial including 135 participants that evaluated LMWH
without low-dose aspirin vs no treatment did not find a
significant reduction in adverse perinatal outcome (risk
difference, 2.2 (95% CI, −11.6 to 16.0); P = 0.76)26. Sim-
ilarly, as mentioned earlier, the TIPPS trial including 292
participants showed that LMWH without aspirin had no
effect on adverse outcome, whereas LMWH with aspirin
was associated with a non-significant reduction in adverse
outcomes8. However, in a trial by Rey et al.27 evaluating
LMWH vs no treatment in 116 participants, but in
which about 90% of women randomized to LMWH
also received low-dose aspirin, a significant reduction
in PE (odds ratio (OR), 0.15 (95% CI, 0.03–0.70)) and
severe PE (OR, 0.11 (95% CI, 0.01–0.90)) was reported.
Mello et al.28 reported a beneficial effect of LMWH in
reducing severe PE (RR, 0.25 (95% CI, 0.08–0.86)) in
a trial including 85 participants, but it was not specified
whether or not the participants were taking aspirin.
Finally, Schleussner et al.29 did not observe a reduction in
intrauterine growth restriction, placental insufficiency or
PE with administration of LMWH alone, started between
5 and 8 weeks’ gestation, in a trial of 449 women with
recurrent miscarriage.

On the basis of the results of the above trials and
our meta-analysis, it could be suggested that, in high-risk
pregnancies, the prophylactic use of LMWH is beneficial

in reducing adverse pregnancy outcome only when there
is concomitant therapy with low-dose aspirin.

Limitations of the study

The main limitation to our analysis relates to the small
number of studies and patients fulfilling the inclusion cri-
teria. Consequently, the possibility of bias in results could
not be assessed by funnel plot and sensitivity analysis, and
therefore we cannot exclude the possibility of publication
bias. Other limitations include heterogeneity in inclu-
sion criteria, dose of aspirin and outcome measures. Half
(4/8) of the studies included women with thrombophilia.
Finally, our study did not allow for evaluation of the cost
benefits or side effects of LMWH, or its impact on perina-
tal mortality and long-term maternal or infant outcomes.

Implications for practice and future research

There is good evidence that, in women with a history
of previous PE, the prophylactic use of low-dose aspirin
starting ≤ 16 weeks’ gestation can substantially reduce the
rate of preterm PE, SGA and perinatal death9. There is
some evidence that, to maximize the beneficial effect of
aspirin, it would be preferable to use 100–160 mg rather
than 75–81 mg, and that the drug should be administered
at bed time30–32. The limited evidence presented in this
study that the use of LMWH may have a beneficial
effect in addition to that of low-dose aspirin should be
the basis of a well-conducted future trial rather than a
recommendation for immediate clinical application.

We observed that the benefits of adding LMWH
to aspirin are potentially limited to the reduction of
early-onset PE and SGA, two disorders typically related to
impaired placentation, in comparison with late-onset PE
that does not have the same etiology33. Any strategy aim-
ing at the prevention of early-onset PE, a disease affecting
only a very small number of pregnant women, should rely
on an effective method of screening that would identify
the high-risk group in the first trimester of pregnancy.
A large population-based study has reported that only
about 15% of pregnancies that develop preterm PE have
a history of previous PE34. Moreover, the prevalence of
early-onset PE has been reported to be as low as 2%
in women with previous history of PE but increasing to
14% when such history was combined with an abnormal
first-trimester uterine artery Doppler assessment35.
Therefore, future trials evaluating the impact of LMWH
should focus on women at high risk of early-onset
placenta-mediated complications of pregnancy based on
such previous history or using a combined screening
with adequate positive predictive values. It has been
reported that a combination of maternal characteristics
and medical history, uterine artery Doppler, mean
arterial pressure and serum placental growth factor at
11–13 weeks’ gestation can identify more than 90% of
cases of early-onset PE36. Larger clinical trials, including
women at risk of PE, should consider combining LMWH
with aspirin for its prevention.

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2016.
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