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Low-molecular-weight heparin for prevention
of preeclampsia and other placenta-mediated
complications: a systematic review and meta-analysis
Monica Cruz-Lemini, MD, PhD; Juan Carlos Vázquez, MD, MSc; Johana Ullmo, MD; Elisa Llurba, MD, PhD

BACKGROUND: Evidence on the impact of low-molecular-weight heparin, alone or in combination with low-dose aspirin, for the prevention for

preeclampsia in high-risk patients is conflicting.
OBJECTIVE: We conducted a meta-analysis of studies published to assess the effectiveness of low-molecular-weight heparin for the

prevention of preeclampsia and other placenta-related complications in high-risk women.
DATA SOURCES: A systematic search was performed to identify relevant studies, using the databases PubMed and Cochrane Central Register

of Controlled Trials, without publication time restrictions.
STUDY ELIGIBILITY CRITERIA: Randomized controlled trials comparing treatment with low-molecular-weight heparin or unfractionated heparin

(with or without low-dose aspirin), in high-risk women, defined as either history of preeclampsia, intrauterine growth restriction, fetal demise, or
miscarriage or being at high risk after first-trimester screening of preeclampsia.
STUDY APPRAISAL AND SYNTHESIS METHODS: The systematic review was conducted according to the Cochrane Handbook guidelines. The
primary outcome was the development of preeclampsia. We performed prespecified subgroup analyses according to combination with low-dose
aspirin, low-molecular-weight heparin type, gestational age when treatment was started, and study population (patients with thrombophilia, at high
risk of preeclampsia or miscarriage). Secondary outcomes included small for gestational age, perinatal death, miscarriage, and placental
abruption. Pooled odds ratios with 95% confidence intervals were calculated using a random-effects model. Quality of evidence was assessed
using the grading of recommendations assessment, development, and evaluation methodology.
RESULTS: A total of 15 studies (2795 participants) were included. In high-risk women, treatment with low-molecular-weight heparin was
associated with a reduction in the development of preeclampsia (odds ratio, 0.62; 95% confidence interval, 0.43e0.90; P¼.010); small for
gestational age (odds ratio, 0.61; 95% confidence interval, 0.44e0.85; P¼.003), and perinatal death (odds ratio, 0.49; 95% confidence
interval, 0.25e0.94; P¼.030). This reduction was stronger if low-molecular-weight heparin was started before 16 weeks’ gestation (13
studies, 2474 participants) for preeclampsia (odds ratio, 0.55; 95% confidence interval, 0.39e0.76; P¼.0004). When only studies including
low-dose aspirin as an intervention were analyzed (6 randomized controlled trials, 920 participants), a significant reduction was observed in
those with combined treatment (low-molecular-weight heparin plus low-dose aspirin) compared with low-dose aspirin alone (odds ratio, 0.62;
95% confidence interval, 0.41e0.95; P¼.030). Overall, adverse events were neither serious nor significantly different. Quality of evidence
ranged from very low to moderate, mostly because of the lack of blinding, imprecision, and inconsistency.
CONCLUSION: Low-molecular-weight heparin use was associated with a significant reduction in the risk of preeclampsia and other placentamediated complications in high-risk women and when treatment was started before 16 weeks’ gestation. Combined treatment with low-dose
aspirin was associated with a significant reduction in the risk of preeclampsia compared with low-dose aspirin alone. However, there exists
important clinical and statistical heterogeneity, and therefore, these results merit confirmation in large well-designed clinical trials.
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Why was this study conducted?
The role of heparin for the prevention of preeclampsia (PE) has been tested in
small trials with many limitations and conﬂicting results.
Key ﬁndings
Low-molecular-weight heparin (LMWH) decreases the incidence of PE and other
placenta-mediated complications in high-risk women and when treatment is
started before 16 weeks’ gestation. Combined treatment with low-dose aspirin
(LDA) was associated with a signiﬁcant reduction of PE compared with LDA
alone. This meta-analysis gives rise to concerns regarding the low quality of evidence available, and therefore, although pooled effect estimates were associated
with signiﬁcant PE reduction, heterogeneity (clinical and statistical) questions the
validity of these conclusions. Further studies are warranted before its clinical
application.
What does this add to what is known?
These effects seem to be maintained regardless of the presence of thrombophilia.
No increased risk of hemorrhage or placental abruption was found with LMWH
alone or in combination with LDA. No differences in the type of heparin (dalteparin vs enoxaparin) were observed.

Introduction
Prevention of placenta-mediated complications is likely the best approach to
reduce maternal and perinatal mortality
and morbidity associated with preeclampsia (PE) and fetal growth restriction (FGR).1e4 Previous attempts at
prevention of PE using prophylactic interventions from midgestation have
been largely unsuccessful.5e7
Low-dose aspirin (LDA) is effective
in preventing PE and FGR, but only
when treatment is initiated before 16
weeks’ gestation.8 A recent study found
that intervention with LDA after ﬁrsttrimester screening of women at risk
of developing PE resulted in >50%
reduction in the occurrence of preterm
PE.9 Therefore, its use should be
considered standard practice for
women at high risk of developing PE.10
However, women selected based on
their obstetrical history or medical risk
factors account for only a small proportion of those women selected from
ﬁrst-trimester screening, and they
constitute a particularly high-risk group
for the development of the earliest and
most severe form of PE.11
Because thrombosis in the uteroplacental circulation is frequently observed
in severe and early forms of placenta-

mediated complications, anticoagulation
could potentially improve placental
perfusion. Low-molecular-weight heparin (LMWH) has been suggested as an
intervention to improve placental function by increasing blood ﬂow toward the
implantation site and reducing the presence of thrombotic lesions; however,
more recent data suggest that the actions
of LMWH transcend its anticoagulative
properties.12 LMWH can also promote
differentiation and invasion of trophoblasts in vivo13; prevent monocyte adhesion, inhibit tumor necrosis factor14; and
decrease vascular resistance and endothelial function.15 In addition to these
effects, LMWH could also limit maternal
disease through mechanisms independent of trophoblast function, as an effect
on endothelial function and angiogenesis
has been proposed.16
Therefore, it is speculated that LMWH
might improve placental development
and inhibit reactive pathways involved in
PE and FGR. However, data on LMWH
in women without thrombophilia are
very limited.17e19 Although a more
recent study showed promising results,20
an individual patient meta-analysis failed
to demonstrate a beneﬁt of LMWH in
patients at risk of placenta-mediated
complications.21 Moreover, 2 recent

randomized trials in high-risk patients
showed that the addition of enoxaparin
to standard care did not reduce the risk
of recurrence of PE and FGR.22,23 However, the effect of heparin in preventing
such conditions is likely to be higher
than previously observed, if speciﬁc
groups of high-risk women are selected
or if heparin is combined with LDA.22,24

Objectives
The objective of this meta-analysis was
to assess the effectiveness of LMWH in
the prevention of PE and other placentarelated complications. As secondary
objectives, analyses of the effect of
combined treatment of LMWH and
LDA, presence of thrombophilia,
moment of initiation of treatment, type
of heparin administered, and number of
study centers were performed. The risk
of hemorrhagic complications or secondary effects of LMWH were also
evaluated. Finally, a subanalysis was
performed to ascertain differences
among types of heparin administered.
Methods
This systematic review was conducted
in accordance to the guidelines of the
Cochrane Handbook for Systematic
Reviews of Interventions25 and reported
in agreement with the preferred
reporting items for systematic reviews
and meta-analyses (PRISMA) statement.26 The study protocol was registered with PROSPERO (number
CRD42020191148). We included in this
meta-analysis randomized controlled
trials (RCTs) comparing treatment with
LMWH or unfractionated heparin (with
or without LDA) with no treatment or
LDA alone in women at high risk of PE.
Eligibility criteria, information
sources, and search strategy
An electronic search was made from
PubMed and Cochrane Central Register
of Controlled Trials to identify studies
published from 1945 to June 25, 2020.
We reviewed abstracts of congresses and
scientiﬁc meetings, reference lists of
retrieved articles, published study protocols, previously published systematic
reviews, and review articles for any
additional relevant studies. No language
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restriction was imposed. A combination
of the following key words and MeSH
terms was included: “heparin,” “LowMolecular-Weight,” “LMWH,” “aspirin,”
and “preeclampsia.”
Study selection
We included RCTs on women who had
any known risk factors for developing
PE, such as adverse obstetrical history
(previous PE, FGR, placental abruption
[PA], or stillbirth), and medical history
including thrombophilia, autoimmune
diseases, and chronic hypertension. Trials were excluded if they (1) were not
randomized, (2) assessed the effect of
heparin on diagnosed PE, or (3) did not
report PE as an outcome. Studies were
also excluded if additional information
on methodological issues or complete
results could not be obtained. If cointerventions were present, we considered
the studies eligible for inclusion provided they were present equally for each
trial arm.
The primary outcome was the development of PE (mild or severe, term, or
preterm), with secondary outcomes
including FGR or small for gestational
age (SGA); stillbirth; perinatal death;
miscarriage; PA; preterm delivery; hemolysis, elevated liver enzymes, and low
platelet count (HELLP) syndrome;
eclampsia; and maternal death. We also
analyzed the presence of adverse events
such as bleeding or hemorrhage,
treatment-related allergies, and thrombocytopenia. The criteria for the deﬁnition of PE were those of the International
Society for the Study of Hypertension in
Pregnancy27 or those of the American
College of Obstetricians and Gynecologists.28 Considering the variations in the
deﬁnition of PE worldwide, similar definitions were accepted.29 SGA was
deﬁned as neonatal birthweight below
the 10th, 5th, or 3rd percentile (the ﬁrst
available in this order) or fetal estimated
weight below the 10th percentile.30
In addition, we decided to perform
subanalyses of the studies based on 5
important points for clinical practice:
combination of LMWH with LDA,
moment of initiating treatment, presence of thrombophilia, and type of
heparin administered.
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Data extraction
Abstract screening was performed independently by 2 of the authors (M.C.L.
and J.U.). The ﬁnal selection, with fullarticle review and data extraction to a
speciﬁcally developed form, was performed independently by 3 reviewers
(M.C.L., J.U., and E.L.), and any discrepancies were resolved by discussion.
Information was extracted on study
characteristics (randomization procedure, uni- or multicentric), participants
(inclusion and exclusion criteria, number of women per group, presence and
type of risk factors, maternal age, gestational age [GA] at inclusion), details of
interventions (heparin type, daily dose,
presence of cointervention with aspirin,
use of placebo), and outcomes (number
of outcome events, adverse effects reported). J.C.V. assessed the risk of bias of
the ﬁnal included studies and performed
data analysis.
Assessment of the risk of bias
The risk of bias of the RCTs was evaluated
using the risk of bias tool of the Cochrane
Collaboration.31 Speciﬁcally, domains
were evaluated for selection bias, detection bias, and attrition bias. In the presence of bias in any of these aspects, the
trial was deemed as high risk of bias. In
addition, we also assessed the performance bias and the report bias of the
outcomes of interest. The information
obtained from the evaluation of the risk
of bias was incorporated to classify the
quality of the evidence for the primary
outcomes as high, moderate, low, or very
low according to the methodological
guidelines of the grading of recommendations assessment, development, and
evaluation (GRADE) system.32,33
Data synthesis
From the data obtained from the studies,
odds ratios (ORs) with the 95% conﬁdence intervals (CIs) were calculated.
Meta-analyses were performed, when
appropriate, using the Mantel-Haenszel
random-effects model, because we
anticipated the presence of signiﬁcant
heterogeneity, measured with the I2 statistic (heterogeneity was considered as
signiﬁcant when I2>50%).31 The number needed to treat (NNT) for the main
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outcomes of PE and SGA was estimated.
For the main outcome of PE, we also
calculated a prediction interval as recommended by the Cochrane Collaboration.34 Because heterogeneity in metaanalyses may be hard to explain and
interpret, prediction intervals indicate
treatment effects in an individual setting,
showing a range of possible effects
related to clinical harm and beneﬁt, and
allow these analyses to be more useful in
clinical practice.35e37 We calculated the
estimates of effect and obtained forest
plots using the Review Manager program
(version 5.3; Nordic Cochrane Centre,
Copenhagen, Denmark).
To explore the potential sources of
statistical heterogeneity, we performed
prespeciﬁed subgroup analyses according to LMWH type, GA at initiation of
treatment, and study population (patients with thrombophilia, at high risk of
PE or miscarriage). In addition, we
performed sensitivity analyses for the
main outcomes, excluding studies with
magnitudes of effect somewhat differing
from the rest of the studies.
The ﬂow diagram used to identify and
select the trials is described according to
the PRISMA statement.26

Results
Study selection and characteristics
The process of identiﬁcation and selection of studies is summarized in Figure 1.
A total of 15 studies that included 2795
women
met
the
inclusion
criteria.22,23,38e50 The main characteristics of the studies included are presented
in the Table.
Risk of bias of included studies
Overall, methodological quality ranged
from moderate to very low owing to
concerns about the risk of bias (blinding
was not possible in most trials because of
the intervention, ie, subcutaneous injection of LMWH), the small number of
events for many outcomes, lack of details
about important methodological issues
in some studies, substantial heterogeneity detected in the analyses, and wide CIs
indicating imprecision in the results. All
trials, except 2,38,43 were considered as
high risk of bias owing to lack of blinding, but even for these with unclear risk
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of bias, it was unlikely to have occurred.
Methodological quality assessment for
each individual study, risk of bias graph,
risk of bias graph summary, and publication bias funnel plot can be found in
the Supplemental Material.
Synthesis of results
Primary outcome: preeclampsia. The
meta-analysis with data from the 15 trials included (2795 women) showed that
patients treated with LMWH presented
signiﬁcantly fewer PE than those not
treated with LMWH (OR, 0.62; 95% CI,
0.43e0.90; P¼.010; I2¼36%; NNT¼26)
(Figure 2). Calculation using these data
yielded a prediction interval of 0.24 to
1.63. Quality of evidence according to
GRADE criteria was moderate, owing
to the lack of blinding, the small number
of events, and the lack of details about
important methodological issues. Complete GRADE assessment can be found
in the Supplemental Material.
Subgroup analyses for the timing of
treatment excluded 2 studies where
LMWH administration began after 16
weeks’ gestation44,50; the impact of
LMWH on PE was stronger than in the
global meta-analysis (13 RCTs, 2474
participants; OR, 0.55; 95% CI,
0.39e0.76; P¼.0004; I2¼17%) (Figure 3).
Analysis according to concomitant
LDA use showed that this association was
also
signiﬁcant
for
the
6
studies23,39,41e43,49 (920 participants)
where LMWH was combined with LDA
as an intervention or in the overall
population (OR, 0.62; 95% CI,
0.41e0.95; P¼.030; I2¼6%) (Figure 4).
When the analysis was performed with
the other 9 RCTs including 1875 participants, in whom LDA was not systematically administered, no signiﬁcant
differences were found (OR, 0.65; 95%
CI, 0.36e1.16; P¼.140; I2¼52%). However, if we excluded studies beginning
treatment after 16 weeks’ gestation, it
showed a reduction of PE (7 RCTs, 1554
participants; OR, 0.48; 95% CI,
0.29e0.82; P¼.006; I2¼29%).
Analysis for previous PE as inclusion
criteria before 16 weeks’ gestation (9
studies,
1405
participants)22,23,39,41,42,45e47,49 showed
a 40% reduction on the incidence of

FIGURE 1

PRISMA flowchart: summary of evidence search and selection

PRISMA, preferred reporting items for systematic reviews and meta-analyses.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

recurrent PE (OR, 0.60; 95% CI,
0.39e0.93; P¼.020; I2¼31%) (Figure 5).
When studies were divided by inclusion
(4 studies, 580 participants)39,43,49,50 or
exclusion
(8
studies,
1482
participants)22,38,40e42,44,46,47 of patients
with thrombophilia, the effect of LMWH
on occurrence of PE was nonsigniﬁcant
in thrombophilic patients vs patients
without
thrombophilia
(P¼.470)
(Figure 6). Analysis for studies with
miscarriage as inclusion criteria (3
studies, 809 participants)38,43,48 showed
no signiﬁcant effect of LMWH on the
incidence of PE (OR, 0.60; 95% CI,
0.29e1.23,
P¼.160;
I2¼0%)
(Supplemental Figure 1). When analyses
by type of LMWH were performed, we
found that both enoxaparin and

dalteparin were each associated with a
signiﬁcant reduction in PE, with no
statistical differences between them
(enoxaparin, 7 RCTs,22,23,38,40e43 1532
participants; OR, 0.58; 95% CI,
0.39e0.87; P¼.008; I2¼20%; dalteparin,
6 RCTs,39,46e50 1103 participants; OR,
0.50; 95% CI, 0.25e0.97; P¼.040;
I2¼36%) (Figure 7).
Secondary outcomes.Small for gestational
age. Data from the 15 trials included
showed that patients treated with
LMWH presented signiﬁcantly fewer
SGA than those not treated with LMWH
(15 RCTs, 2799 participants; OR, 0.61;
95% CI, 0.44e0.83; P¼.002; I2¼39%;
NNT¼21) (Figure 8). Subgroup analysis
by type of heparin showed that
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Characteristics of studies included in this systematic review and meta-analysis
First author,
y (country) Acronym
46

Study population

Interventions
(sample size)

LMWH (n¼41)
Women with
angiotensinconverting enzyme,
DD genotype
women without
thrombophilia with
history of
preeclampsia

Mello et al,
2005 (Italy)

GA at
inclusion

LMWH (dose)

Duration of
treatment

Concomitant use
of aspirin

Outcomes

Main findings

<12 wk

Dalteparin 5000 IU Not specified Not reported
daily

PE and FGR before LMWH reduces the
34 wk
recurrence of PE in
ACE DD homozygote
women with a
history of PE

<8 wk

Enoxaparin 20 mg
(2000 IU) daily

34 wk

Not reported
(probable)

PE and PA reported No differences
as secondary
between both
outcomes
groups as regards
the occurrence of PA
and PA

<16 wk

Dalteparin

36 wk

Yes; 46 control and
51 treatment
women received
LDA (dose not
specified)

Composite outcome
(severe or earlyonset PE, SGA, PA,
or fetal death)

Dalteparin reduces
recurrence of
placenta-mediated
complications in
women without
thrombophilia

36 wk

Yes;

Composite of PE,
PA, SGA at the <5th
percentile, and/or
stillbirth

Enoxaparin lowers
the risk of
developing PE, PA,
SGA at the <5th
percentile, and/or
stillbirth in women
with history of PA
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TABLE

No intervention (n¼39)
Badawy
—
et al,38 2008
(Egypt)

LMWHþ0.5 mg folic
Women with a
history of recurrent acid (n¼170)
first-trimester
spontaneous
abortion or
miscarriage with no
thrombophilia or
antiphospholipid
antibodies
0.5 mg folic acid
(n¼170)

Rey et al,47
2009

—

(Canada)

Gris et al,40
2010

LMWH (n¼57)
Women without
thrombophilia and
history of severe PE,
SGA, stillbirth, or PA

4000 IU <60 kg,
5000 IU 60e90 kg
and 6000 IU >90
kg, daily

No intervention (n¼57)

NOH-AP

Women with history Standard high-risk
of PA but no fetal careþLMWH (n¼80)
loss and no
antiphospholipid
antibodies

At positive
Enoxaparin
pregnancy test
(mean, 6 wk)

(continued)
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TABLE

Characteristics of studies included in this systematic review and meta-analysis (continued)
First author,
y (country) Acronym
(France)

Gris et al,41
2011

NOH-PE

GA at
inclusion

—

Concomitant use
of aspirin

Outcomes

Main findings

33 control and 15
treatment women
received 100 mg
daily
Delivery and 6 100 mg daily in all Composite of PE,
women
PA, SGA at the <5th
wk after
percentile, and/or
delivery
stillbirth

Enoxaparin lowers
the risk of
developing PE, PA,
SGA at the <5th
percentile, and/or
stillbirth in women
with history of
severe PE

18e23þ6 wk Unfractionated
heparin 7500 IU
twice daily

34 wk

PE, eclampsia,
HELLP syndrome,
FGR, stillbirth, and
PA reported as
secondary
outcomes

No statistically
significant
differences
identified between
the 2 treatment
groups in the
occurrence of all PE
or severe PE

<12 wk

Not specified Yes; dose and
number not
specified

Composite endpoint
of PE, eclampsia,
HELLP syndrome,
FGR, stillbirth

Nadroparin did not
prevent late
pregnancy
complications in
women at risk of
recurrence

Enoxaparin
Women with history LMWHþLDA (n¼112) At positive
pregnancy test
of severe PE but no
(mean, 6 wk)
fetal loss and no
antiphospholipid
antibodies

Women at high risk Standard high-risk
careþLMWH (n¼16)
of placental
dysfunction
determined by
biochemical marker
or uterine Doppler
screening

Duration of
treatment

40 mg (4000 IU)
daily
8 control women
received LDA

Standard high-risk care
(n¼16)
Standard high-risk
Women with
previous history of careþLMWH (n¼63)
PE, HELLP
syndrome, SGA,
FGR, stillbirth, or PA
Standard high-risk care
(n¼65)

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

Nadroparin

3800 IU daily

or PA

(continued)
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Martinelli
HAPPY
et al,45 2012

LMWH (dose)
40 mg (4000 IU)
daily

LDA (n¼112)

(Canada)

(Italy)

Interventions
(sample size)
Standard high-risk care
(n¼80)

(France)
Kingdom,
2011

Study population

Characteristics of studies included in this systematic review and meta-analysis (continued)
First author,
y (country) Acronym
de Vries
FRUIT-RCT
et al,39 2012

(Netherlands)

Rodger
TIPPS
et al,50 2014

(Canada)

Schleussner ETHIG II
et al,48 2015
(Germany)

Study population

Interventions
(sample size)

Women with history LMWHþLDA (n¼70)
of hypertensive
disease and/or SGA
<34 wk, with
inheritable
thrombophilia,
excluding
antiphospholipid
antibodies

GA at
inclusion

LMWH (dose)

Duration of
treatment

Concomitant use
of aspirin

<12 wk

Dalteparin

LDA: 36 wk

Yes; 75 mg,

LDA (n¼69)

LMWH (n¼146)
Women with
thrombophilia at
increased risk of
venous
thromboembolism,
or with previous
placenta-mediated
pregnancy
complications

5000 IU daily

<21 wk

Placebo or no
intervention (n¼143)
Women with at least MultivitaminsþLMWH 5e8 wk
2 consecutive early (n¼226)
miscarriages or 1
late miscarriage
Multivitamins (n¼223)

Main findings

Recurrent PE, HELLP
syndrome or
eclampsia, and/or
SGA

Combined LMWH
and LDA reduces
recurrent
hypertensive
disease and/or SGA
<34 wk in women
with inheritable
thrombophilia

Composite outcome
(severe or earlyonset PE, SGA,
pregnancy loss, or
venous
thromboembolism)

Dalteparin does not
reduce the
occurrence of
venous
thromboembolism,
pregnancy loss, or
placenta-mediated
pregnancy
complications in
pregnant women
with thrombophilia

80 mg or 100 mg
daily in all women

(<50 kg 2500 UI,
>80 kg 7500 UI)

LMWH:
delivery and 6
wk after
delivery

Dalteparin

37 wk

Yes; 57 control and
43 treatment
women received
LDA (dose not
specified)

5000 IU daily <20
weeks, twice daily
20e37 wk
Dalteparin 5000 IU 24 wk
daily

Yes; 13 control and Incidence of PE or
7 treatment women HELLP syndrome
received
reported as
secondary outcome

LMWH does not
increase ongoing
pregnancy or livebirth rates

100 mg daily

Trial underpowered
to clarify whether
LMWH may reduce
placenta-mediated
pregnancy
complications
(continued)
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TABLE

Characteristics of studies included in this systematic review and meta-analysis (continued)
First author,
y (country) Acronym
HeparinHaddad
et al,42 2016 preeclampsia
(France)

Study population

Interventions
(sample size)

GA at
inclusion

Women with history LMWHþLDA (n¼124) <14 wk
of severe PE
diagnosed <34 wk
gestation

LMWH (dose)
Enoxaparin 40 mg
(4000 IU) daily

LDA (n¼125)
van Hoorn
FRUIT-RCT II
et al,49 2016
(Netherlands)

LMWHþLDA (n¼16)
Women with
antiphospholipid
antibodies and
previous delivery for
hypertensive
disease and/or SGA
<34 wk

LDA: 35 wk

100 mg daily in all Composite outcome
women
(maternal death,
perinatal death, PE,
PA, or SGA)

Enoxaparin does not
significantly reduce
placenta-mediated
complications in
women receiving
LDA

Yes;

Hypertensive
disease: PE and/or
eclampsia and/or
HELLP syndrome
<34 wk

Combined LMWH
and LDA did not
show reduction of
recurrent
hypertensive
disease compared
with LDA alone

Composite of PE
and/or SGA at the
<5th percentile

Enoxaparin in
addition to standard
high-risk care does
not reduce the risk
of recurrence of PE
and SGA

<12 wk

Dalteparin 5000 IU LDA: 36 wk
daily (<50 kg 2500
UI, >80 kg 7500 UI)

Women with factor V LMWHþLDA (n¼59)
Leiden mutation and
recurrent pregnancy
loss

Main findings

80 mg or 100 mg
LMWH:
delivery and 6 daily
wk after
delivery
6e16 wk

Enoxaparin 40 mg
(4000 IU) daily

36þ0 wk

Standard high-risk care
(n¼83)

Karadag
—
et al,43 2020

Outcomes

Yes;

80 control and 71
treatment women
received 100 mg
daily
6 wk

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

Enoxaparin

LDA: 36 wk

Yes in 2 groups; 100 PE, HELLP
mg daily
syndrome, FGR,
stillbirth, preterm
birth, and PA
reported as
outcomes

LMWH is more
effective than
aspirin alone in
preventing PE

(continued)
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Women at high risk Standard high-risk
of PE and/or SGA careþLMWH (n¼73)
based on their
obstetrical history

Concomitant use
of aspirin

LMWH:
delivery

LDA (n¼16)

Groom et al,23 Enoxaparin for the
2017 (New
prevention of
Zealand)
preeclampsia and
intrauterine growth
restriction

Duration of
treatment

Systematic Review

FGR, fetal growth restriction; GA, gestational age; HELLP, hemolysis, elevated liver enzymes, and low platelet count; LDA, low-dose aspirin; LMWH, low-molecular-weight heparin; PA, placental abruption; PE, preeclampsia; SGA, small for gestational age.

Studies are listed in a chronological order.

No intervention
(n¼137)

<16 wk
Women classified as LMWH (n¼146)
high-risk based on
medical history, and
selected by firsttrimester screening
of PE, without
thrombophilia
Llurba et al,22 HOPPE
2020 (Spain)

LMWH (n¼54, not
included in this metaanalysis)

LDA (n¼61)
(Turkey)
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Yes;
40 mg (4000 IU)
daily

Enoxaparin 40 mg
(4000 IU), 60 mg
(6000 IU) >90 kg,
daily

36 wk

LMWH:
delivery

26 control and 20
treatment women
received 100 mg
daily

Composite outcome LMWH did not
of PE, SGA, PA, or reduce the
incidence of
stillbirth
placenta-mediated
complications

Main findings
Outcomes
Concomitant use
of aspirin
Duration of
treatment
LMWH (dose)
GA at
inclusion
Interventions
(sample size)
Study population
First author,
y (country) Acronym

Characteristics of studies included in this systematic review and meta-analysis (continued)

TABLE

ajog.org
dalteparin was associated with a signiﬁcant reduction in the development of
SGA, whereas in patients treated with
enoxaparin, such reduction did not
reach statistical signiﬁcance (enoxaparin, 7 RCTs, 1532 participants; OR,
0.75; 95% CI, 0.50e1.11; P¼.150;
I2¼42%; dalteparin, 6 RCTs, 1103 participants; OR, 0.48; 95% CI, 0.28e0.82;
P¼.007;
I2¼29%)
(Supplemental
Figure 2); the test for subgroup differences
was
not
signiﬁcant
(P¼.190).Stillbirth
and
perinatal
death. No statistically signiﬁcant differences were found in the occurrence of
stillbirth between LMWH-treated and
nontreated patients (11 RCTs, 2315
participants; OR, 0.72; 95% CI,
0.40e1.30;
P¼.280;
I2¼0%)
(Supplemental Figure 3). Signiﬁcantly
fewer perinatal deaths occurred among
the offspring of LMWH-treated patients
than nontreated patients (7 RCTs, 1393
participants; OR, 0.49; 95% CI,
0.25e0.94;
P¼.030;
I2¼4%)
(Supplemental
Figure
4).Miscarriage. Notably,
8
RCTs39e43,47,49,50 (1566 women) reported the outcome of miscarriage. Patients treated with LMWH showed no
signiﬁcant beneﬁt compared with nontreated patients with regard to miscarriage (OR, 0.78; 95% CI, 0.46e1.33;
P¼.360;
I2¼0%)
(Supplemental
Figure 5).Placental abruption. No statistically signiﬁcant difference in the
occurrence of PA was found between
LMWH-treated and nontreated patients,
regardless of combination with LDA (14
RCTs, 2877 participants; OR, 1.12; 95%
CI, 0.69e1.82; P¼.650; I2¼0%)
(Supplemental Figure 6).Preterm delivery. Patients treated with LMWH
showed no differences compared with
nontreated patients with regard to preterm delivery (14 RCTs, 2719 participants; OR, 0.93; 95% CI, 0.76e1.13;
P¼.460;
I2¼2%)
(Supplemental
Figure 7).Other outcomes: hemolysis,
elevated liver enzymes, and low platelet
count syndrome, eclampsia, and
maternal death. No statistically signiﬁcant differences were found in terms of
the occurrence of HELLP syndrome between LMWH-treated and nontreated
patients (8 RCTs, 1243 participants; OR,
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FIGURE 2

Effect of low-molecular-weight heparin on prevention of preeclampsia
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0.65; 95% CI, 0.27e1.56; P¼.340;
I2¼0%) (Supplemental Figure 8).
Notably, 7 RCTs recorded the outcome
eclampsia, although 4 of them reported
no
events
in
any
of
the

groups.22,23,39,42,43,45,49 One study43 reported 3 episodes of eclampsia, 1 in the
LMWH group and 2 in the nontreated
group; 3 studies23,42,48 reported
maternal mortality as an outcome, with

no events in either group.Adverse events. No statistically signiﬁcant difference
in bleeding was found between LMWHtreated and nontreated patients, regardless of whether or not LMWH was

FIGURE 3

Effect of low-molecular-weight heparin on prevention of preeclampsia when treatment is started before 16
weeks’ gestation

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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FIGURE 4

Effect of low-molecular-weight heparin on prevention of preeclampsia in combination with low-dose aspirin
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combined with LDA (10 RCTs, 2109
participants; OR, 1.14; 95% CI,
0.75e1.71; P¼.540; I2¼8%) (Figure 9).
Signiﬁcantly more episodes of allergies
and skin reactions occurred in patients
treated with LMWH than nontreated
patients (6 RCTs, 1106 participants; OR,
4.86; 95% CI, 2.04e11.62; P¼.0004;
I2¼0%) (Figure 10). However, the
number of events was small, and the
95% CIs were too wide to be certain
about these results. With the exception
of bleeding and allergies, other adverse
effects reported were very rare. Thrombocytopenia was reported in 3
studies,22,38,42 with a range between

0 and 6 events; thrombosis was reported
in 3 studies,22,38,39 with a range between
0 and 4 events, and ﬁnally, another study
reported similar numbers of transfusion
events in both groups.42Uni- vs multicenter studies. Subgroup analysis by
uni- vs multicenter studies showed
single-center studies associated with a
signiﬁcant reduction in the development
of PE, whereas in multicenter studies,
such reduction did not reach statistical
signiﬁcance (unicenter, 6 RCTs, 956
participants; OR, 0.44; 95% CI,
0.23e0.85; P¼.020; I2¼45%; multicenter, 9 RCTs, 1839 participants; OR,
0.78; 95% CI, 0.55e1.12; P¼.180;

I2¼2%) (Supplemental Figure 9); the
test for subgroup differences was not
signiﬁcant (P¼.130). Finally, both types
of studies showed signiﬁcant associations with reduction of SGA
(Supplemental Figure 10).
Regarding statistical heterogeneity, we
found that the exclusion of the study by
Mello et al,46 with a marked effect favoring LMWH regarding the occurrence
of PE, resulted in a decrease in heterogeneity from 43% to 11%. When we
excluded this study, no differences in the
magnitude or direction of the effects
were observed (PE, 14 RCTs, 2715 participants; OR, 0.66; 0.46e0.95; P¼.030;

FIGURE 5

Effect of low-molecular-weight heparin on prevention of preeclampsia in studies with history of preeclampsia as
inclusion criteria and treatment started before 16 weeks’ gestation

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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FIGURE 6

Effect of low-molecular-weight heparin on the prevention of preeclampsia in studies with and without
thrombophilia

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

I2¼32%). Similarly, when such study
was removed from the analyses for SGA,
heterogeneity was reduced from 60% to
23%. The same analysis was performed
for the outcome of preterm delivery,
according to GA at initiation of treatment, and we found that exclusion of the
study by Gris et al41 (also with a marked
effect favoring LMWH) was associated
with a decrease in heterogeneity from
64% to 31%. In this case, such exclusion
resulted in a change from a statistically
signiﬁcant result to a marginal beneﬁcial
effect of LMWH (P¼.020 to P¼.060).

Comment
Main ﬁndings
The results of this systematic review and
meta-analysis suggest that in high-risk
women, LMWH prophylaxis may
decrease the risk of PE, delivery of an SGA

neonate, and perinatal death. The
observed beneﬁt seems to be conditioned
by beginning treatment before 16 weeks’
gestation, especially to prevent PE and
SGA, and in women with previous
placental complications. These effects
seem to be maintained, regardless of the
presence of thrombophilia or the type of
heparin administered. Subanalysis of 6
studies that included LDA as intervention
in both study groups showed that the
combination of LMWH and LDA performed better than LDA alone in the prevention of PE. In addition, no major side
effects such as PA or hemorrhage were
observed in women treated with LMWH
(alone or in combination with LDA).
Comparison with existing literature
In a previous meta-analysis of 7 randomized trials, which included 987

pregnant women with previous
placenta-related complications, prophylactic LMWH substantially reduced the
incidence for a primary composite
outcome (PE, SGA at the <10th centile,
PA, or pregnancy loss at >20 weeks’
gestation; risk ratio [RR], 0.57; 95% CI,
0.36e0.91). However, this meta-analysis
showed high heterogeneity (I2¼69%).20
A subsequent meta-analysis of individual patient data from the same authors,
with 3 additional trials,50e52 found that
the use of LMWH did not have an effect
on the prevention of placental complications, regardless of thrombophilia,
concomitant LDA use, timing of treatment, or dose of LMWH.21 An imprecise
classiﬁcation of the disease, along with
the fact that PE and other placental
complications such as SGA are multifactorial conditions, could explain
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FIGURE 7

Effect of type of low-molecular-weight heparin administered on prevention of preeclampsia
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inconsistency among studies. A second
meta-analysis from the same year, which
included 5 studies and 797 patients
without thrombophilia, reported that
LMWH was associated with a reduction
of PE (RR, 0.36; 95% CI, 0.21e0.61) and
FGR (RR, 0.41; 95% CI, 0.19e0.93).53 In
a previous meta-analysis, there was a
high variability among studies and the
need for multicenter clinical studies for
further research and conﬁrmation has
been recognized. Recently, a number of
new randomized trials have been published (heparin-preeclampsia,42 enoxaparin for the prevention of
preeclampsia and intrauterine growth
restriction,23 Karadag et al,43 FRUITII,49 and HOPPE22 trials). In our metaanalysis, a total of 15 studies (2848 participants) were reviewed. In high-risk
women, treatment with LMWH

compared with standard treatment
(including LDA) was associated with a
marked reduction in the development of
PE; compared with previous metaanalysis, we had a greater sample size to
analyze a unique main outcome (PE).
Our analysis also included 2 older
studies44,48 not previously analyzed in
other reviews. Considering the previous
conﬂicting ﬁndings on the efﬁcacy of
LMWH for the prevention of PE and
that these could be explained by its association with LDA, heterogeneity of
research population, type of LMWH,
timing of treatment, and study-center
effects, we decided to perform subanalyses taking into account these
different aspects.
The combination of LMWH and LDA
has been prescribed empirically and
widely used in clinical practice for high-
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risk women, although their effectiveness
has only been shown for obstetrical
antiphospholipid syndrome and suggested for second-trimester pregnancy
loss. It is endorsed by the American
College of Chest Physicians and the
American College of Obstetricians and
Gynecologists for this indication.54 The
effectiveness of this combination may
indeed be biologically plausible.25,55
However, to date, there is limited evidence about whether the combination of
antithrombotic drugs is efﬁcacious in
preventing the recurrence of PE. Subanalysis according to the concomitant
use of LDA as an intervention of the
study was performed, and data from 6
trials including 920 women showed that
patients treated with LMWH combined
with LDA presented substantially fewer
PE than those treated with LDA alone.
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FIGURE 8

Effect of low-molecular-weight heparin on prevention of SGA

SGA, small for gestational age.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

These ﬁndings are in line with a recent
meta-analysis24 involving 8 studies,
which evaluated whether the combination of LMWH and LDA was superior to
LDA alone in the prevention of PE or
miscarriage. The criteria for recruitment
was previous recurrent miscarriage in 5
studies (3 of which included women
with thrombophilia) and a history of
early-onset PE in 3 studies (1 including
women with thrombophilia). Although
the combination of prophylactic treatments was not beneﬁcial in women with
recurrent miscarriage, there was a
reduction in PE and SGA neonates in
women with previous PE, but this
outcome was only evaluated in 3 of the 8
trials and included 590 women. In the
present meta-analysis, we obtained a
larger sample size (920 women) with
different inclusion criteria: pregnant
women with a history of PE or
SGA,23,39,41,42,45e47,49 one of them in
women with thrombophilia43,49,50 and
one of them including women with
recurrent miscarriage and thrombophilia.38,43,48,50 On the basis of these results, in women with previous adverse
obstetrical history, combined treatment

reduced not only PE but also perinatal
death.
The beneﬁcial effects of both LMWH
and LDA on trophoblast invasion are
well documented. Aspirin alone inhibits
the production of both thromboxane
and prostacyclin in trophoblast cultures56 and may have an antiapoptotic
effect.57 However, aspirin alone has not
been shown to promote trophoblast
migration,58 a key process for trophoblast invasion. In contrast, LMWH
seems to have an effect on trophoblast
invasion58 but LMWH increases the
release of antiangiogenic factors and
some proinﬂammatory molecules.59,60
An in vitro study that evaluated the action of aspirin and LMWH in trophoblast function showed that their
combination may counteract some of
the adverse effects of LMWH when
administered
alone,
potentially
increasing their efﬁcacy.58 Recently,
LMWH has been reported to promote
the transcription and release of placental
growth factor (PlGF) from endothelial
cells, providing a mechanistic basis by
which LHWH could contribute to
reduce the risk of PE.61 Moreover,

LMWH therapy increases circulating
PlGF levels in pregnant women with PE,
supporting the hypothesis that improvements in maternal vascular function observed are secondary to PlGF
release.59,60 The results of our subanalyses suggest that LMWH could
improve subsequent pregnancy outcomes in women with previous placental
complications. Further prospective
studies are required to conﬁrm the
added value of combined treatment vs
LDA alone in high-risk pregnancies.
Regarding secondary outcomes,
LMWH was associated with considerable reduction in the development of
SGA and perinatal death. Speciﬁcally for
SGA, data extracted from the individual
patient meta-analysis by Rodger et al20
showed a reduction in SGA deﬁned
below the 10th and 5th centiles, but not
the 3rd centile. Moreover, LDA modestly
reduced SGA in high-risk women.62,63
For miscarriage, in the 8 RCTs that
considered this outcome, patients
treated with LMWH had no reduction in
the incidence of miscarriage; however,
only 1 trial50 did not administer LDA in
the control group, and its exclusion did
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FIGURE 9

Bleeding or hemorrhage associated to treatment with low-molecular-weight heparin
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not modify the results. With regard to
preterm delivery, LMWH did not show
substantial reduction. A reduction in
perinatal death but not stillbirth
occurred among the offspring of
LMWH-treated patients. The wide CI
suggests a weak association owing to
ambiguous deﬁnitions and low frequency of this complication. Previous
meta-analyses have not found any differences for pregnancy loss or neonatal
death in patients treated with LMWH.21
The present meta-analysis also addresses the question of whether or not
placenta-mediated pregnancy complications could be prevented by starting
LMWH in the late ﬁrst and early second
trimesters of pregnancy. We performed
subgroup analyses for this outcome,
excluding the Kingdom et al44 and
Rodger et al50 studies, which included
patients that started treatment after 16
weeks of pregnancy, and we found that
the impact of LMWH on PE, SGA, and
perinatal death was stronger. Before 16
weeks’ gestation, the process of trophoblast invasion of the uterine spiral arteries is considered a crucial moment,
when therapeutic measures still have the
potential to improve maternal and
perinatal outcomes.9 Similarly, the positive effect of prophylactic LDA is also
determined by gestational week at which
treatment begins, and no beneﬁt has

been found when its begun after 16
weeks’ gestation.64 We hypothesize that
both LDA and LMWH have an impact
on the physiological transformation of
uterine spiral arteries, which is
completed by 16 weeks’ gestation.65,66
No differences were observed between
the treatment groups according to presence of thrombophilia with respect to
the incidence of PE or any other
complication; in other words, there is no
evidence that thrombophilia modiﬁes
the effect of LMWH on the occurrence of
any placenta-mediated outcomes. In
fact, the association between thrombophilia and placental complications is
weak or absent for PE and SGA, which
are the main outcomes of this study.67,68
Finally, we also considered interesting
from a clinical perspective to evaluate
whether LMWH prevents early- or lateonset forms of the disease. However, in
most studies, there was no information
regarding GA at delivery or severity of
the disease; in others, they grouped severe PE and preterm PE together and
others looked at preterm PE as before 32,
34, or 37 weeks’ gestation. We performed
an exploratory subanalysis involving the
studies that grouped severe and earlyonset PE, with no signiﬁcant differences found (6 RCTs, 880 participants;
OR, 0.34; 95% CI, 0.10e1.17; P¼.060;
I2¼52%).
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Interestingly, when we analyzed the
type of heparin administered, we
observed that majority of the described
effects found were similar with enoxaparin and dalteparin; the LMWH family (enoxaparin, dalteparin, and
tinzaparin) differ mainly in their mean
anti-Xa activity and their ability to
reduce thrombin generation.69
Subgroup analyses by uni- vs multicenter studies showed single-center
studies associated with a marked reduction in development of PE, whereas in
multicenter studies, such reduction did
not reach statistical signiﬁcance; however, the test for subgroup differences
was not signiﬁcant (P¼.130). Finally,
both types of studies showed important
associations with reduction of SGA. It is
known that single-center trials showed a
larger heterogeneity than multicenter
trials, which was also reported by Rodger
et al,21 suggesting that publication bias,
lower trial quality, and cointerventions
could account for single-center positive
results.
It is important to note that major side
effects such as hemorrhage or PA were
not increased in women treated with
LMWH (with or without LDA). No
statistically signiﬁcant difference in
bleeding was found between LMWHtreated and nontreated patients, regardless of whether or not it was combined
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FIGURE 10

Treatment-related allergies and skin reactions associated to treatment with low-molecular-weight heparin
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with LDA. However, a recent registerbased cohort study including 4088
women taking LDA during pregnancy
found that compared with women
without LDA intake, there had been a
higher incidence of intrapartum
bleeding, postpartum hemorrhage, and
postpartum hematoma, especially in
vaginal
deliveries.70
Information
regarding deﬁnition and type of hemorrhage in the studies of the present
meta-analysis was insufﬁcient, and
therefore, this information should also
be taken cautiously. In contrast, no difference in the occurrence of PA was
found between groups; however, pathologic conﬁrmation was not obtained in
any of these studies. With regard to
allergic or injection-site reactions, more
episodes occurred in patients treated
with LMWH, although other adverse
effects were very rare.
Strengths and limitations
The strengths of our study include the
inclusion of a larger number of studies
and patients than other meta-analyses
and subgroup analyses by LMWH type,
which were not performed previously. In
addition, 8 of 15 studies included
women with thrombophilia, and we
were able to evaluate the impact of this
condition on treatment beneﬁts,
observing that the results were not
affected by its presence. Even though
variability of the inclusion criteria may
contribute to heterogeneity in the

results, it may represent a greater applicability of our ﬁndings both in patients
with previous PE or SGA and in patients
with recurrent miscarriage (external
validation). Another strength was that
we were able to evaluate the side effects
of LMWH, particularly the risk of PA
and hemorrhage, especially when combined treatment with LDA was administered, which is important information
to take into account for clinical practice.
The main limitation of this metaanalysis is that methodological quality of
the studies ranged from moderate to very
low owing to concerns about the risk of
bias. The prediction interval of 0.24 to
1.63 indicates that although the intervention seems to be effective, it may not
be always so, in a given individual setting;
thus, further research would be needed to
identify the reasons for the differences in
speciﬁc subgroups of patients. In addition, compliance of prescribed treatments
was uncertain, with a number of women
withdrawing their consent for participation. Subanalyses considering the
concomitant use of LDA were methodologically difﬁcult because in some studies,
LDA administration was recorded as
standard of care or depended on physician prescription, with different doses
used even in the same trials. Therefore,
we have only considered for this subanalysis those studies where it was
administered as part of the intervention
or to the whole study population systematically (n¼6 RCTs) and separated

those where it was not controlled as part
of the study. However, we recognize that
an individual patient meta-analysis would
be necessary to better answer whether
LMWH combined with LDA is better
than LDA alone in reducing PE in highrisk pregnancies. We are aware that
some of the subgroups included patients
with rare outcomes, and these analyses
were restricted by the small samples.
There was also a lack of detail about
important methodological issues in some
studies, substantial heterogeneity detected in the analyses, and wide CIs indicating imprecision in the results, which
could question their validity. Moreover,
the fact that the positive effect of heparin
in preventing PE was statistically signiﬁcant solely in single-center trials could
indicate possible publication bias because
negative results from unicenter studies
tend to go unpublished. This ﬁnding has
also been extensively discussed by Rodger
et al21 in their meta-analysis. Another
limitation that could be argued is that
heparin doses were not adjusted by antifactor Xa levels in any of the studies;
however, it has been reported that enoxaparin dose adjusted according to antifactor Xa levels compared with a ﬁxed
dose does not change the risk of recurrence of placental complications in
women with thrombophilia.71

Conclusion and Implications
The clinical impact of our ﬁndings is
important
because
prophylactic
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treatment with LDA is recommended in
both a priori high-risk women (for
previous adverse obstetrical outcomes)
and women screened by ﬁrst-trimester
PE algorithms.9 Although women that
had PE, SGA, or fetal demise in a previous pregnancy accounted for only 15%
of women developing preterm PE, they
are at a higher risk of recurrence.11 The
results of this meta-analysis suggest that
high-risk women beneﬁt from LMWH
treatment and that the combination of
LMWH and LDA acts in a synergic
manner. Therefore, the following 2
different prevention strategies could be
considered: (1) in a priori low-risk
population screened for PE by ﬁrsttrimester algorithms, prophylaxis with
150 mg of aspirin daily from 12 weeks’
gestation onward would be recommended9,72; and (2) high-risk women
based on adverse obstetrical history of
placental complications (early-onset PE,
SGA, or fetal demise) could beneﬁt from
a combined prophylaxis strategy with
LMWH plus LDA begun before 16
weeks’ gestation, regardless of the presence of thrombophilia.
In conclusion, LMWH reduces the
incidence of PE and placenta-mediated
complications in high-risk women with
previous adverse obstetrical history,
especially in those included for previous
placental complications and when
treatment is started before 16 weeks’
gestation. Combined treatment with
LDA was associated with a substantial
reduction in the risk of PE compared
with LDA alone. However, this metaanalysis gives rise to concerns regarding
the low quality of evidence available, and
therefore, although pooled effect estimates were associated with marked PE
reduction, heterogeneity (clinical and
statistical) questions the validity of this
conclusion. Future trials examining the
prevention of placental complications by
LMWH in addition to LDA are warranted before any clinical application is
adopted.
-
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Supplemental material
SUPPLEMENTARY METHODS
Search Strategy
Selected keywords
A combination of the following keywords and MeSH terms were included:
“heparin”,
“Low-Molecular-Weight”,
“LMWH”, “aspirin”, “preeclampsia”.
June 25th 2020
PUBMED query
(“Heparin,
Low-MolecularWeight”[Mesh] OR heparin[tiab] OR

#4 #1 OR #2 OR #3 10608
#5 (pre NEXT eclampsia):ti,ab 1137
#6 preeclampsia:ti,ab 2840
#7 #5 OR #6 2897
#8 #4 AND #7 91
Total yield: 91 articles

LMWH[tiab]) AND (pre-eclampsia
[tiab] OR preeclampsia[tiab])
June 25th 2020
Total yield: 465 articles
Cochrane Central Register of
Controlled Trials query
Issue 6 of 12, June 25th 2020
#1 MeSH descriptor: [Heparin, LowMolecular-Weight] explode all trees 1939
#2 heparin:ti,ab 9942
#3 LMWH:ti,ab 1406

Methodological Quality Assessment
Studies included in the present metaanalysis are shown below in alphabetical order, with their respective
methodological quality assessment.

1. Badawy AM, Khiary M, Sherif LS, et al. Low-molecular weight heparin in patients with recurrent early miscarriages of unknown aetiology. J Obstet Gynaecol 2008;28:280-284.

Study: Badawy et al., 2008.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Uncertain

No details.

Allocation concealment (selection bias)

Low

Prefilled sealed envelopes drawn by the investigators
for each patient.

Blinding of participants and personnel (performance
bias)

Uncertain

No details. Probably none, because of the nature of
interventions.

Blinding of outcome assessment (detection bias)

Uncertain

No details. Probably none, because of the nature of
interventions.

Incomplete outcome data (attrition bias)

Low

350 women randomized; 10 patients lost to follow-up,
4 from the intervention group and 6 from the control
group.

Selective reporting (reporting bias)

Uncertain

Protocol not available.

Other biases

Low

The authors report no conflicts of interest, and are
responsible for the content and writing of the paper.

Global assessment: Uncertain.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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2. de Vries JI, van Pampus MG, Hague WM, et al. Low-molecular-weight heparin added to aspirin in the prevention of recurrent
early-onset pre-eclampsia in women with inheritable thrombophilia: the FRUIT-RCT. J Thromb Haemost 2012;10:64-72.

Study: de Vries et al., 2012.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Randomization was performed by an independent
center, using a computer to select random permuted
blocks of 4, stratifying by hospital and presence/
absence of chronic hypertension.

Allocation concealment (selection bias)

Low

Block length and randomization codes were concealed
from the investigators.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

None.

Incomplete outcome data (attrition bias)

Low

139 women randomized; none lost to follow-up.

Selective reporting (reporting bias)

Uncertain

Protocol not available.

Other biases

Low

Study supported by a grant by Pfizer, not the sponsor of
the study. The authors report no conflicts of interest.

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

3. Gris JC, Chauleur C, Faillie JL, et al. Enoxaparin for the secondary prevention of placental vascular complications in women
with abruptio placentae. The pilot randomised controlled NOH-AP trial. Thromb Haemost. 2010;104(4):771-779.

Study: Gris et al., 2010.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Women were randomized in a 1:1 ratio using a
computer-generated random numbers table (blocks of
6). Stratification was performed according to ethnicity,
pre-existing hypertension and presence of the F5
1691A or F2 20210A alleles.

Allocation concealment (selection bias)

Low

Generated random numbers corresponded to sealed
opaque envelopes.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

160 women randomized; none lost to follow-up.

Selective reporting (reporting bias)

Uncertain

Protocol not available.

Other biases

Low

Study supported by grants obtained from different
institutions/companies, and by an internal grant of the
University Hospital of Nimes. Funders were not
involved in the initiation of the study, study design, data
collection, analyses of the results and in their
interpretation, or in the writing of the manuscript.

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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4. Gris JC, Chauleur C, Molinari N, et al. Addition of enoxaparin to aspirin for the secondary prevention of placental vascular
complications in women with severe pre-eclampsia. The pilot randomised controlled NOH-PE trial. Thromb Haemost.
2011;106(6):1053-1061.
Study: Gris et al., 2011.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Women were randomized in a 1:1 ratio using a
computer-generated random numbers table (blocks of
6). Stratification was performed according to ethnicity,
pre-existing hypertension and presence of
constitutional thrombophilias.

Allocation concealment (selection bias)

Low

Generated random numbers corresponded to sealed
opaque envelopes.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

224 women randomized; none lost to follow-up.

Selective reporting (reporting bias)

Low

Protocol available (NCT00986765).

Other biases

Low

Study supported by grants obtained from different
institutions/companies, and by an internal grant of the
University Hospital of Nimes. Funders were not
involved in the initiation of the study, study design, data
collection, analyses of the results and in their
interpretation, or in the writing of the manuscript.

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

5. Groom KM, McCowan LM, Mackay LK, et al. Enoxaparin for the prevention of preeclampsia and intrauterine growth restriction in women with a history: a randomized trial. Am J Obstet Gynecol. 2017;216(3):296.e1-296.e14.

Study: Groom et al., 2017.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

A computer-generated randomization program
balanced in blocks of 5, stratified by recruiting site and
thrombophilia.

Allocation concealment (selection bias)

Low

Randomization occurred by telephone to the hospital
pharmacy and trial group allocation was made by study
identifying number, or using opaque envelopes.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

160 women randomized; 4 excluded postrandomization, 3 in the intervention group and 1 in the
control group.

Selective reporting (reporting bias)

Low

Protocol available (ACTRN12609000699268).

Other biases

Low

Study supported by University of Auckland Faculty
Research Development Fund, Australasian Society of
Thrombosis and Hemostasis Scientific and Education
Trust, and the University of Auckland School of
Medicine. Authors report no conflicts of interest.

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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6. Haddad B, Winer N, Chitrit Y, et al. Enoxaparin and Aspirin Compared With Aspirin Alone to Prevent Placenta-Mediated
Pregnancy Complications: A Randomized Controlled Trial. Obstet Gynecol. 2016;128(5):1053-1063.

Study: Haddad et al., 2016.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Centralized randomization was performed using a
computer-based randomization list and was balanced
in blocks of 4 blinded to the investigators, stratified by
center.

Allocation concealment (selection bias)

Low

Number and treatment allocation generated by a
website.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

257 women randomized; 8 patients lost to follow-up, 6
in the intervention group, and 2 in the control group.

Selective reporting (reporting bias)

Low

Protocol available (NCT00986765)

Other biases

Low

Study supported by the Programme Hospitalier de
Recherche Clinique National-PHRC-DRCD-APHP
France. Authors report no conflict of interest

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

7. Karadag C, Akar B, Gönenç G, Aslancan R, Yılmaz N, Çalışkan E. Aspirin, low molecular weight heparin, or both in preventing pregnancy complications in women with recurrent pregnancy loss and factor V Leiden mutation. J Matern Fetal
Neonatal Med. 2020;33(11):1934-1939.

Study: Karadag et al., 2020.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Simple randomization by computer generated
sequence.

Allocation concealment (selection bias)

Uncertain

No details.

Blinding of participants and personnel (performance
bias)

Uncertain

No details. Probably none, because of the nature of
interventions.

Blinding of outcome assessment (detection bias)

Uncertain

No details. Probably none, because of the nature of
interventions.

Incomplete outcome data (attrition bias)

Low

196 participants randomized; 18 did not complete the
study, and 4 did not meet inclusion criteria.

Selective reporting (reporting bias)

Uncertain

Protocol not available.

Other biases

Low

Authors report no conflicts of interest.

Global assessment: Uncertain.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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8. Kingdom JC, Walker M, Proctor LK, et al. Unfractionated heparin for second trimester placental insufﬁciency: a pilot randomized trial. J Thromb Haemost. 2011;9(8):1483-1492.

Study: Kingdom et al., 2011.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Randomization generated by computer and used
balanced variable blocks; it was prepared by a
statistician not involved with recruitment or clinical
care.

Allocation concealment (selection bias)

Low

Women were allocated a study identification number
during an automated telephone call.

Blinding of participants and personnel (performance
bias)

High

Women and caregivers were not blinded to treatment
allocation.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

32 women randomized; none lost to follow-up.

Selective reporting (reporting bias)

Uncertain

Protocol not available.

Other biases

Low

Study funded by grants and fellowships. Authors report
no conflicts of interest.

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

9. Llurba E, Bella M, Burgos J, et al. Early prophylactic enoxaparin for the prevention of preeclampsia and intrauterine growth
restriction: a randomized trial. Fetal Diagn Ther 2020.

Study: Llurba et al., 2020.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Computer-generated randomization list.

Allocation concealment (selection bias)

Low

Patient number allocated after randomization.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

278 women randomized; 54 excluded after
randomization (18 in the intervention arm, 36 in the
control arm), all of them included in the analyses.

Selective reporting (reporting bias)

Low

Protocol available (EudraCT 2010-023597-39).

Other biases

Study supported by Carlos III Institute, Ministry of
Health, Spain; the Spanish Clinical Research and
Clinical Trials Platform (SCReN); and the European
Regional Development Fund (FEDER).

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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10. Martinelli I, Martinelli I, Ruggenenti P, Cetin I, et al. Heparin in pregnant women with previous placenta-mediated pregnancy complications: a prospective, randomized, multicenter, controlled clinical trial. Blood. 2012;119(14):3269-3275.

Study: Martinelli et al., 2012.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Computer randomization list generated by a laboratory.

Allocation concealment (selection bias)

Low

After stratification for the referral hospital, within each
block of varying size, patients were assigned to
treatment arms using a 1:1 ratio. The patient
randomization number and study arm were requested
by phone or fax and centrally assigned.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

135 women randomized, 4 drop-outs in heparin arm
and 3 drop-outs in control arm.

Selective reporting (reporting bias)

Low

Protocol available (EudraCT 2006-004205-26).

Other biases

Low

Study supported by the Italian Drug Agency of the
Ministry of Health. Authors report no conflicts of
interest.

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

11. Mello G, Parretti E, Fatini C, et al. Low-molecular-weight heparin lowers the recurrence rate of preeclampsia and restores the
physiological vascular changes in angiotensin-converting enzyme DD women. Hypertension. 2005;45(1):86-91.

Study: Mello et al., 2005.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Computer-generated random number sequence.

Allocation concealment (selection bias)

Uncertain

No details.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

85 women randomized, 5 excluded (no details).

Selective reporting (reporting bias)

Uncertain

Protocol not available.

Other biases

Uncertain

No details.

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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12. Rey E, Garneau P, David M, et al. Dalteparin for the prevention of recurrence of placenta-mediated complications of
pregnancy in women without thrombophilia: a pilot randomized controlled trial. J Thromb Haemost. 2009;7(1):58-64.

Study: Rey et al., 2009.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Women were randomized in a 1:1 ratio using a
computer-generated random numbers table (blocks of
6), stratified according to recruiting center and preexisting hypertension.

Allocation concealment (selection bias)

Low

Each generated number was linked to a sealed opaque
envelope containing the name of the group to which the
woman was randomized.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

114 women randomized, 2 lost to follow-up in each
group.

Selective reporting (reporting bias)

Uncertain

Protocol not available.

Other biases

Low

Study funded by the Canadian Foundation for Women’s
Health, Pharmacia & Upjohn Inc, and Pfizer Canada.
Funders were not involved in the study design, data
collection, analyses and interpretation, nor in the
writing of the manuscript.

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

13. Rodger MA, Hague WM, Kingdom J, et al. Antepartum dalteparin versus no antepartum dalteparin for the prevention of
pregnancy complications in pregnant women with thrombophilia (TIPPS): a multinational open-label randomised
trial. Lancet. 2014;384(9955):1673-1683.
Study: Rodger et al., 2014.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Computer-generated randomization schedule stratified
by country and gestational age at randomization day.
Permuted block design (block sizes 4 and 8).

Allocation concealment (selection bias)

Low

Site pharmacists received a randomization number and
treatment allocation (by fax and/or e-mail) from the
central web randomization system.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

292 women randomized; 3 excluded (2 in the
intervention arm, 1 in the control arm).

Selective reporting (reporting bias)

Low

Protocol available (NCT00967382, ISRCTN87441504).

Other biases

Low

Study funded by Canadian Institutes of Health
Research, Heart and Stroke Foundation of Canada, and
Pharmacia and UpJohn. The funders had no role in the
design or conduct of the study, in the collection,
analysis, and interpretation of the data, nor in the
preparation, review, or approval of the report.

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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14. Schleussner E, Kamin G, Seliger G, et al. Low-molecular-weight heparin for women with unexplained recurrent pregnancy
loss: a multicenter trial with a minimization randomization scheme. Ann Intern Med. 2015;162(9):601-609

Study: Schleussner et al., 2015.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Randomization was stratified by week of gestation,
trial site, and inherited thrombophilia using the
minimization method.

Allocation concealment (selection bias)

Low

A data manager generated the group allocation.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

449 women randomized; 6 missed primary endpoint in
intervention arm, and 9 in the control arm.

Selective reporting (reporting bias)

Low

Protocol available (NCT00400387).

Other biases

Low

Funded by Pfizer Pharma. The funding sources played
no role in the design, conduct, analysis, reporting, or
interpretation of results or the decision to submit the
manuscript for publication.

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

15. van Hoorn ME, Hague WM, van Pampus MG, Bezemer D, de Vries JI; FRUIT Investigators. Low-molecular-weight heparin
and aspirin in the prevention of recurrent early-onset pre-eclampsia in women with antiphospholipid antibodies: the
FRUIT-RCT. Eur J Obstet Gynecol Reprod Biol. 2016;197:168-173

Study: van Hoorn et al., 2016.
Domain

Risk of bias

Support of judgment

Random sequence generation (selection bias)

Low

Randomization was carried out by an independent
center, using a computer to select random permuted
blocks of 4, stratified for hospital and presence/
absence of chronic hypertension.

Allocation concealment (selection bias)

Uncertain

No details.

Blinding of participants and personnel (performance
bias)

High

Open-label.

Blinding of outcome assessment (detection bias)

High

Open-label.

Incomplete outcome data (attrition bias)

Low

32 women randomized; none lost to follow-up.

Selective reporting (reporting bias)

Low

Protocol available (ISRCTN 87325378).

Other biases

Low

Study supported by a grant from Pfizer, which was not
the sponsor of the study. The study was stopped early
because the recurrence rates were lower than planned

Global assessment: High.
Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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Risk of Bias

Risk of bias graph. Risk of bias items presented as percentages across all included studies

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

Risk of bias summary. Risk of bias items for each included study

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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Publication Bias

Publication bias. Funnel plot comparing low-molecular weight heparin for
development of preeclampsia. The graph, which includes all 15 studies,
showed no publication biases

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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Grade Assessment

Summary of findings
Certainty assessment

No of patients

Effect

Study
design

Risk of
bias

Other
Inconsistency Indirectness Imprecision considerations Heparin

Relative
no Heparin (95% CI)

Absolute
(95% CI)

randomised
trials

serious a,b,c

not serious

not serious

not serious

none

99/1399
(7.1%)

152/1396
(10.9%)

OR 0.62
(0.62 - 0.90)

38 fewer
per 1.000
(59 fewer 10 fewer)

444 CRITICAL
MODERATE

randomised
trials

serious a,b,c

serious d

not serious

not serious

none

180/
1402
(12.8%)

246/1397
(17.6%)

OR 0.61
(0.44 - 0.85)

61 fewer
per 1.000
(90 fewer 22 fewer)

44
LOW

CRITICAL

randomised
trials

serious a,b,c

not serious

not serious

serious e

none

22/1159
(1.9%)

30/1156
(2.6%)

OR 0.72
(0.40 - 1.30)

7 fewer
per 1.000
(15 fewer 8 more)

44
LOW

CRITICAL

randomised
trials

serious a,c

serious d

not serious

not serious

none

270/
1361
(19.8%)

287/1358
(21.1%)

OR 0.93
(0.76 - 1.13)

44
12 fewer
LOW
per 1.000
(42 fewer e
21 more)

CRITICAL

randomised
trials

very
serious a,b,c

not serious

not serious

serious e

none

16/696
(2.3%)

34/696
(4.9%)

OR 0.49
(0.25 - 0.94)

24 fewer
per 1.000
(36 fewer 3 fewer)

44
LOW

CRITICAL

randomised
trials

serious a,b,c

not serious

not serious

not serious

none

119/
1226
(9.7%)

74/1223
(6.1%)

OR 1.52
(0.75 - 3.06)

29 more
per 1.000
(14 fewer 104 more)

444 CRITICAL
MODERATE

11 (Sin Badawy randomised
2008)
trials

serious a,b,c

not serious

not serious

not serious

none

82/1056
(7.8%)

74/1053
(7.0%)

OR 1.14
(0.75 - 1.71)

9 more
per 1.000
(17 fewer 44 more)

444 CRITICAL
MODERATE

No of studies

Certainty

Importance

Preeclampsia
15

Small for Gestational Age
15

Stillbirth
11

14

Perinatal death
4

Haemorrhage
12

S1144.e11

CI, confidence interval; OR, odds ratio.
a

Lack of blinding; b Small number of events; c Lack of details; d High heterogeneity; e Wide confidence intervals.
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Supplementary Figures
RESULTS e PREECLAMPSIA
SUPPLEMENTAL FIGURE 1

Effect of type of low-molecular-weight heparin on prevention of PE in studies including patients with previous
miscarriage

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

RESULTS e SMALL FOR GESTATIONAL AGE
SUPPLEMENTAL FIGURE 2

Effect of type of low-molecular-weight heparin on prevention of SGA

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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RESULTS e STILLBIRTH
SUPPLEMENTAL FIGURE 3

Effect of low-molecular-weight heparin on prevention of stillbirth
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RESULTS e PERINATAL DEATH
SUPPLEMENTAL FIGURE 4

Effect of low-molecular-weight heparin on prevention of perinatal death
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RESULTS e MISCARRIAGE

SUPPLEMENTAL FIGURE 5

Effect of low-molecular-weight heparin on prevention of miscarriage

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

RESULTS e PLACENTAL ABRUPTION

SUPPLEMENTAL FIGURE 6

Effect of low-molecular-weight heparin on prevention of placental abruption

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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RESULTS e PRETERM DELIVERY

SUPPLEMENTAL FIGURE 7

Effect of low-molecular-weight heparin on prevention of preterm delivery

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.

RESULTS e HELLP SYNDROME

SUPPLEMENTAL FIGURE 8

Effect of type of low-molecular-weight heparin on prevention of HELLP syndrome

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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RESULTS e UNI- vs MULTICENTER STUDIES

SUPPLEMENTAL FIGURE 9

Comparison of uni- vs multicenter studies and the effect of type of low-molecular-weight heparin on prevention of
PE

Cruz-Lemini. Low-molecular-weight heparin for prevention of preeclampsia. Am J Obstet Gynecol 2022.
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SUPPLEMENTAL FIGURE 10

Comparison of uni- vs multicenter studies and the effect of type of low-molecular-weight heparin on prevention of
SGA
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