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Abstract
Background: Preeclampsia and intrauterine fetal growth restriction (IUGR) are two of the most common causes
of maternal and perinatal morbidity and mortality. Current methods of predicting those at most risk of these
conditions remain relatively poor, and in clinical practice past obstetric history remains the most commonly used
tool. Aspirin and, in women at risk of preeclampsia only, calcium have been demonstrated to have a modest effect
on risk reduction. Several observational studies and randomised trials suggest that low molecular weight heparin
(LMWH) therapy may confer some benefit.
Methods/design: This is a multicentre open label randomised controlled trial to determine the effect of the
LMWH, enoxaparin, on the prevention of recurrence of preeclampsia and/or IUGR in women at high risk due to
their past obstetric history in addition to standard high risk care for all participants.
Inclusion criteria: A singleton pregnancy >6+0 and <16+0 weeks gestation with most recent prior pregnancy with
duration >12 weeks having; (1) preeclampsia delivered <36+0 weeks, (2) Small for gestational age (SGA) infant <10th
customised birthweight centile delivered <36+0 weeks or, (3) SGA infant ≤3rd customised birthweight centile
delivered at any gestation. Randomisation is stratified for maternal thrombophilia status and women are randomly
assigned to ‘standard high risk care’ or ‘standard high risk care’ plus enoxaparin 40 mg from recruitment until 36+0
weeks or delivery, whichever occurs sooner. Standard high risk care includes the use of aspirin 100 mg daily and
calcium 1000–1500 mg daily (unless only had previous SGA with no preeclampsia).
The primary outcome is preeclampsia and/or SGA <5th customised birthweight centile. Analysis will be by intention
to treat.
Discussion: The EPPI trial has more focussed and clinically relevant inclusion criteria than other randomised trials
with a more restricted composite primary outcome. The inclusion of standard use of aspirin (and calcium) for all
participants will help to ensure that any differences observed in outcome are likely to be related to enoxaparin use.
These data will make a significant contribution to future meta-analyses and systematic reviews on the use of LMWH
for the prevention of placental mediated conditions.
(Continued on next page)
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Background
Preeclampsia and intrauterine fetal growth restriction
(IUGR) are two of the most common causes of maternal
and perinatal morbidity and mortality. Preeclampsia
complicates approximately 3–5% of pregnancies and remains one of the most common causes of direct maternal death in the developed world [1]. IUGR is more
difficult to define and measure but approximately 10% of
all infants will be born small for gestational (SGA) defined as birthweight < 10th customised birthweight centile and at least two thirds of these have evidence of
abnormal uterine and umbilical Doppler waveforms if
diagnosed prior to birth suggesting significant uteroplacental disease and fetal growth restriction [2]. Infants
who are born growth restricted with or without maternal
preeclampsia are at increased risk of morbidity and mortality during the perinatal period [3–5], and this risk
continues into childhood and adult life with higher rates
of neurosensory disability, cognitive impairment, short
stature, hypertension, diabetes and long term cardiovascular disease [6–11]. Women with preeclampsia and/or
IUGR fetuses are more likely to require preterm delivery,
with over one third of women with preeclampsia and
15% of SGA infants delivering <37 weeks [12]. Iatrogenic
preterm birth often results in operative delivery and
therefore has inherent risks to the mother and results in
the significant additional risks of prematurity for an
already compromised infant [3, 13–15].
There are a wide variety of identified risk factors for
preeclampsia and/or IUGR but few contribute significantly to risk prediction models which at best remain
modest [16, 17]. Until relatively recently it has been suggested that inherited thrombophilias are associated with
preeclampsia and IUGR, however, more recent evidence
from prospective cohort studies suggests this association, if present, is only weak [18]. Past obstetric history
is the most commonly used method for risk assessment
in current clinical practice. Women who have had
previous preeclampsia and/or IUGR are at significant
risk of recurrence especially when the disease occurred early in the previous pregnancy with rates ranging from 15 to 47% depending on the severity of
previous disease [19–22].
Both conditions are considered placental diseases and
there are likely synergies in pathological mechanisms
which may present as a maternal syndrome (preeclampsia

only), a fetal syndrome (IUGR only) or a combined clinical
syndrome (preeclampsia and IUGR) depending on fetal
and maternal responses to the pathological process. The
synergies in the pathological mechanisms have led many
investigators to research common therapeutic and preventative strategies for both diseases. Aspirin and calcium
have been trialled in a large number of randomised studies
in a variety of populations and although effect sizes are
modest both significantly reduce the incidence of preeclampsia [23], and aspirin also decreases the incidence of
SGA [24]. They should be considered as standard practice
in women at high risk of these conditions [25].
Heparin and low molecular weight heparin (LMWH)
have also been proposed as potential preventative therapies for a number of placental mediated pregnancy
complications including preeclampsia and IUGR. Their
effect may relate to their anticoagulant effect although it
is also likely that additional effects on trophoblast development may be more significant [26–28]. Initial interest
in the use of heparin for the prevention of placental
mediated complications centred on the treatment of recurrent miscarriage associated with anti-phospholipid
syndrome (APS). Early studies demonstrated significant
benefit of unfractionated heparin with aspirin when
compared to aspirin alone [29, 30]. This led many clinicians to routinely treat these women with LMWH for all
pregnancy complications associated with APS and this
practice has continued despite subsequent studies failing
to demonstrate the same improvements in pregnancy
outcomes with LMWH and aspirin [31, 32].
Some clinicians extended their use of heparin and
LMWH for the prevention of preeclampsia and IUGR to
women regarded at high risk of these complications for
other reasons, such as those with renal disease [33],
women with ACE DD polymorphism [34] and women
with inherited thrombophilia [35, 36]. These small observational and non-placebo controlled trials suggested
significant benefits associated with heparin and LMWH.
Subsequently a number of randomised controlled trials
have been reported. Initial trials focussed specifically on
populations with or without thrombophilia, believing
that the risk of these placental diseases may be significantly different between the groups and may respond
differently to intervention with heparin or LMWH. In
2009, Rey et al. reported the outcomes of a randomised
trial of LMWH in women with a past history of
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placental mediated problems (including preeclampsia
and IUGR) and no thrombophilia. This trial demonstrated a large reduction in the primary composite outcome (severe preeclampsia, birthweight <5th centile,
major abruption or fetal death after 20 weeks) 5.5 vs
23.6% adjOR 0.15, 95% CI 0.03–0.70 [37]. However the
study was halted after just over one third of the planned
participants had been recruited (results of 110 participants analysed of a planned sample size of 276 women).
The FRUIT-RCT reported similar promising outcomes
associated with LMWH use for women with inherited
thrombophilia, demonstrating a significant reduction in
the recurrence of hypertensive disease (preeclampsia,
HELLP syndrome and/or eclampsia) <34 weeks gestation, 8.7 vs 0% risk difference 8.7, 95% CI 1.9–15.5%)
[38]. This study also did not complete recruitment of
initial planned sample size (139 of 262).
Subsequent published trials including the ‘Heparin in
pregnant women with adverse pregnancy outcome to improve rate of successful pregnancy’ (HAPPY) Study [39],
the ‘Prevention of maternal and perinatal complications
by enoxaparin in women with previous severe preeclampsia’ (HEPEPE) Study [40] and the ‘Thrombophilia in Pregnancy Prophylaxis Study’ (TIPPS Study) [41] have failed to
demonstrate any improvement in outcome with LMWH.
All of these trials have had prolonged recruitment
phases (up to 12 years [41]) and have been difficult to
recruit to. Several trials have stopped early due to recruitment difficulties and for perceived overwhelming effect [37] or futility after interim data analysis [39]. Of
note, these previous randomised controlled trials have
had broad inclusion criteria and diverse composite outcome measures.
The EPPI trial aims to be more precise, and clinically
relevant, with its inclusion criteria and primary outcome
measures specific to women at high risk of preeclampsia
and/or IUGR. Account will be made of each participant’s
thrombophilia status but this will not define the study
population. Standard high risk care will include the
use of aspirin and, where appropriate, calcium for all
women. This is the first trial in this setting to also include serial assessment of placental and angiogenic
growth factors.

Methods/design
Aim

To assess the effectiveness of LMWH, enoxaparin 40 mg
daily, for the prevention of recurrence of preeclampsia
and IUGR regardless of thrombophilia status and in
addition to standard high risk antenatal care (including
the use of aspirin and, where appropriate calcium).
Study design

A multicentre open label randomised controlled trial.
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Study setting

The trial will recruit women from high risk clinic settings
in New Zealand at National Women’s Health, Auckland
City Hospital; in Australia at the Royal Women’s Hospital,
Melbourne, the Mercy Hospital for Women, Melbourne
and the Sunshine Hospital, Melbourne; and in the
Netherlands at the Academic Medical Centre, Amsterdam.
Inclusion criteria

Women are eligible for the trial if they are >6+0 and <16+0
weeks gestation with fetal viability and a singleton pregnancy confirmed on ultrasound scan and at risk of preeclampsia and/or IUGR based on their past obstetric
history. This is defined by (1) previous preeclampsia delivered <36+0 weeks in their last on-going pregnancy
reaching >12 weeks, (2) previous SGA < 10th customised birthweight centile delivered <36+0 weeks in their
last ongoing pregnancy reaching >12 weeks with no
major fetal anomaly or, (3) previous SGA ≤ 3rd customised birthweight centile delivered at any gestation in
their last on-going pregnancy reaching >12 weeks with
no major fetal anomaly.
Exclusion criteria

Women are not eligible for the trial if they have (1) any
contraindication to LMWH use, (2) a requirement for
LMWH use such as previous thrombosis, APS, (3) previous successful pregnancy with LMWH treatment, (4)
multiple pregnancy, (5) known pre-existing type 1 or 2
diabetes or renal disease (with serum creatinine >150),
(6) thrombocytopenia (platelet count <80 × 109/L) prior
to randomisation or (7) a known major fetal anomaly/
chromosomal abnormality.
Trial entry and informed consent

All eligible women will be invited to participate in the
study. Trial information will be provided verbally and by
a written information sheet by clinicians caring for
women and research midwives. Eligible women will be
encouraged to take time to consider involvement in the
study and to discuss participation with their partners
and/or family prior to providing written consent. For
women who decline to participate in the trial, antenatal
care relevant to their risk factors will be offered, the use
of LMWH will not be offered as part of standard care.
All trial participants will be free to withdraw from the
study at any time if they so wish, appropriate on-going
antenatal care will be arranged according to clinical risk.
Randomisation

A computer generated randomisation programme will
be used with stratification for recruiting site and inherited thrombophilia status to ensure equal distribution
across study groups. Women who have been tested prior
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to trial involvement will be assigned to (i) positive
thrombophilia or (ii) negative thrombophilia. For women
not tested or partially tested (with negative result), samples will be taken before any use of LMWH and tested for
antithrombin deficiency, protein C deficiency, protein S
deficiency, factor V Leiden, and the prothrombin gene
mutation. Results will not be revealed to participant, clinicians or investigators until the study is completed. These
women will be assigned to (iii) unknown thrombophilia
status. Randomisation will be in blocks of five.
All participants will be assigned a sequential study
identifying number (ID) according to thrombophilia status. At the lead recruiting site (National Women’s
Health, Auckland City Hospital) randomisation will
occur by telephone to the hospital pharmacy clinical trials service and study group allocation made by study ID.
In all other sites sequential sealed opaque envelopes for
each study ID will be opened to reveal study group.
Study groups

Women will be assigned to one of two groups; Group
one will receive ‘standard high risk care’ and Group two
will receive ‘standard high risk care’ and enoxaparin
40 mg sc (Clexane®, Sanofi-Aventis) [42] daily from recruitment (at gestational age >6+0 and <16+0 weeks)
until 36+0 weeks or delivery, whichever occurs sooner.
Standard high risk care is defined as care co-ordinated
by a high risk antenatal clinic service, aspirin 100 mg
daily until 36+0 weeks and calcium 1000–1500 mg daily
until 36+0 weeks (unless only had previous SGA with no
preeclampsia as eligibility criteria). This is an open-label
randomised study and all participants, clinicians and
investigators will be aware of study group assignment.
Obstetric care and trial procedure (Fig. 1)

All women will have serum samples taken at recruitment, 20 and 30 weeks gestation. Samples will be centrifuged and stored in −80 °C freezer for later assessment
of placental and angiogenic growth factors (Table 1). At
the time of fetal anatomy scan, standard fetal growth
parameters [43, 44] and uterine and umbilical arterial
Doppler waveforms [45] will be recorded. These ultrasound measurements will be repeated at 24 weeks’ gestation. Data from any additional antenatal ultrasound scans
will also be collected.
For women receiving LMWH, an educational session
regarding injection technique will be provided by a research midwife prior to treatment commencement.
LMWH injections will be re-supplied on a monthly basis
from hospital pharmacies. Treatment will continue until
36+0 weeks but additional safety indications to stop
treatment sooner include; need for delivery prior to 36+0
weeks (stop once decision made for delivery or 12 h
prior to induction of labour or elective caesarean section,

Fig. 1 Individual participant trial schedule

whichever is later), episode of threatened preterm labour
(treatment can be recommenced if symptoms settle), clinical evidence of placental abruption or thrombocytopenia
with platelet count <80 × 109/L.
Antenatal, intra-partum and postnatal care will be provided by the local obstetric team caring for each woman.
Pregnancy, labour, postnatal and neonatal data will be
collected by research staff from maternal and infant
clinical records up to the time of hospital discharge.
Study outcomes

The primary outcome is the incidence of preeclampsia
and/or small for gestational age (SGA) <5th customised
birthweight centile [46]. Preeclampsia will be defined as
new onset hypertension (systolic BP ≥140 mmHg and/or
diastolic BP ≥90 mmHg) arising after 20 weeks gestation
with evidence of significant proteinuria (dipstick proteinuria (≥1+) subsequently confirmed by spot urine protein/creatinine ratio ≥ 30 mg/mmol and/or 24 h urine
protein excretion >0.3 g) or any multi-system complication including haematological, liver, renal and neurological involvement [47]. IUGR is difficult to define and
measure and so SGA defined by customised birthweight
centiles will be used as the most reproducible surrogate.
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Table 1 EPPI trial key secondary study outcomes
Combined

Preeclampsia and/or SGA <10th centile
Preeclampsia and/or SGA <10th centile
delivered <35+6 weeks
Preeclampsia and/or SGA <10th centile
delivered <33+6 weeks
Preeclampsia and SGA <10th centile
delivered at any gestation

Maternal

Preeclampsia
Severe preeclampsia
Placental abruption
Caesarean section delivery
Antepartum haemorrhage
Postpartum haemorrhage <500mls
and <1000mls

Infant

SGA <10th centile
SGA <5th centile
SGA <3rd centile
Unexplained intrauterine fetal death
Stillbirth
Gestational age at delivery
Mean birthweight
Mean birthweight centile
Neonatal Intensive Care Unit admission
Neonatal death

Uteroplacental

Abnormal uterine artery Doppler
waveform at 20 or 24 weeks
Abnormal umbilical artery Doppler
waveform at 20 or 24 weeks

Placental & angiogenic growth soluble fms-like tyrosine kinase-1 (sFlt-1)
factors
soluble endoglin (soluble Eng)
Endothelin-1 (ET-1)
Placental growth factor (PLGF)
soluble vascular cell adhesion molecule
1 (VCAM1)
SGA small for gestational age, all SGA measured by customised birthweight
centile [46]

Customised centiles adjusting for infant sex, gestation at
delivery and maternal variables—parity, ethnicity, height
and weight will be used [46]. The key secondary study
outcomes are shown in Table 1.
Sample size

We have estimated a risk of recurrence of preeclampsia
and/or SGA < 5th customised centile for the included
population of 25% when managed routinely with aspirin
(and calcium). A trial of 160 participants, allowing for a
5% drop-out/early miscarriage rate will have 80% power
at a two-sided significance level of 0.05 to detect a difference between 25 and 7% [37].
Data monitoring committee (DMC) and interim analysis

An independent DMC comprising of a statistician, obstetrician, and obstetric physician with clinical trials experience will review serious adverse events. They will
review the results of an interim analysis once 98 participants have been recruited and completed pregnancy. A
study group of 49 participants in each arm will have 80%
power at a two-sided significance level of 0.05 to detect
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a difference between 25 and 4%. The DMC will report to
the trial investigator group and may advise discontinuation of the trial if there is an excess of serious adverse
events in the LMWH treatment group or if a significant
benefit is already demonstrated. Results of the interim
analysis will only be known to members of the DMC
and the trial investigator group. Responsibility for early
discontinuation of the trial will ultimately rest with the
trial investigator group.
Data analysis

All data will be collected and stored under de-identified
study ID. Data will be analysed by an independent statistician. Population characteristics between the groups will
be compared initially to identify any potential confounding variables. Data will be analysed on an intention to
treat basis comparing primary and secondary outcomes
in both groups. Analyses will make adjustment for
recruiting site and thrombophilia status. P-value <0.05
will be considered significant.

Discussion
This is a protocol for a randomised trial to assess the
role of the LMWH, enoxaparin, to prevent recurrence of
preeclampsia and IUGR in women at high risk based on
their past obstetric history. The EPPI trial has been designed to focus specifically on the related conditions of
preeclampsia and IUGR. The inclusion criteria aim to
identify women with or without thrombophilia but do
not include less specific or poorly defined conditions
such as past venous thromboembolism, recurrent miscarriage, unexplained fetal death and placental abruption
as seen in some other trials of heparin therapy for the
prevention of preeclampsia and IUGR. The pathological
mechanisms of such a wide variety of conditions are
likely to be significantly different from those of preeclampsia and IUGR and a single preventative therapy
less likely to be effective for all. Similarly the composite
primary outcome measure for this study has been limited to preeclampsia and a measure of IUGR (SGA) so
results are more likely to be relevant to these placental
mediated conditions.
Another strength of this study is that both treatment
arms will receive standard high risk care including the
use of aspirin in all women and, for those with previous
history of preeclampsia, the use of calcium. Any differences observed in outcome are likely to be related to
enoxaparin use.
This study will include 160 women and is one of the
larger studies in this area. The findings of this trial will
be available for future meta-analysis and systematic reviews. It will significantly contribute to and further
current knowledge regarding the use enoxaparin in pregnancy to reduce recurrence of preeclampsia and IUGR.

Groom et al. BMC Pregnancy and Childbirth (2016) 16:367

Acknowledgements
We would like to acknowledge all the women, their babies and their families
who participate in the EPPI trial and staff at all EPPI trial recruiting sites.
Funding
This trial is funded by grants from; University of Auckland Faculty Research
and Development Fund, Auckland District Health Board Charitable Trust
(Evelyn Bond Fund, A+ Trust), the Australasian Society of Thrombosis &
Haemostasis and the University of Auckland School of Medicine PBRF Fund.

Page 6 of 7

12.

13.

14.
Availability of data and materials
Not applicable.
15.
Authors’ contribution
KG, CM, LM, PS and LC are all EPPI trial investigators. KG, CM and LM conceived
the study and were responsible for initial study design. All authors were involved
in development of study design and take responsibility for the final study design.
The principal investigator (KG) wrote the first draft of the study protocol. All
authors have contributed to the protocol development and have read and
approved the final protocol and this manuscript.

16.

Competing interests
The authors declare that they have no competing interests.

18.

Consent for publication
Not applicable.
Ethics approval and consent to participate
Ethics approval granted by the Northern X Regional Ethics Committee (NTX/
09/07/060), now the Northern A Health and Disability Ethics Committee, the
Mercy Health Human Research Ethics Committee (R12/04), Royal Women’s
Hospital Human Research Ethics Committee (11/33), and the AMC Medical
Ethics Review Committee (NL48800.018.14). Local hospital approval was
obtained at each recruiting site. Each trial participant will provide written,
informed consent.

17.

19.

20.
21.

22.

Received: 29 July 2016 Accepted: 15 November 2016

23.

References
1. Knight M, Tuffnell D, Kenyon S, Shakespeare J, Gray R, Kurinczuk J, on behalf
of MBRRACE-UK. Saving lives, improving mothers’ care - surveillance of
maternal deaths in the UK 2011–13 and lessons learned to inform maternity
care from the UK and Ireland confidential enquiries into maternal deaths
and morbidity 2009–13. Oxford: National Perinatal Epidemiology Unit,
University of Oxford; 2015.
2. McCowan LM, Harding JE, Stewart AW. Customized birthweight centiles
predict SGA pregnancies with perinatal morbidity. BJOG. 2005;112(8):1026–33.
3. Battin MR, McCowan LM, George-Haddad M, Thompson JM. Fetal growth
restriction and other factors associated with neonatal death in New Zealand.
Aust N Z J Obstet Gynaecol. 2007;47(6):457–63.
4. McCowan LM, George-Haddad M, Stacey T, Thompson JM. Fetal growth
restriction and other risk factors for stillbirth in a New Zealand setting.
Aust N Z J Obstet Gynaecol. 2007;47(6):450–6.
5. Lees C, Marlow N, Arabin B, Bilardo CM, Brezinka C, Derks JB, Duvekot J,
Frusca T, Diemert A, Ferrazzi E, et al. Perinatal morbidity and mortality in
early-onset fetal growth restriction: cohort outcomes of the trial of randomized
umbilical and fetal flow in Europe (TRUFFLE). Ultrasound Obstet Gynecol. 2013;
42(4):400–8.
6. Albertsson-Wikland K, Karlberg J. Postnatal growth of children born small for
gestational age. Acta Paediatr Suppl. 1997;423:193–5.
7. Hack M, Schluchter M, Cartar L, Rahman M, Cuttler L, Borawski E. Growth of very
low birth weight infants to age 20 years. Pediatrics. 2003;112(1 Pt 1):e30–8.
8. Ozanne SE, Fernandez-Twinn D, Hales CN. Fetal growth and adult diseases.
Semin Perinatol. 2004;28(1):81–7.
9. Barker DJ. The developmental origins of well-being. Philos Trans R Soc Lond
B Biol Sci. 2004;359(1449):1359–66.
10. Hales CN, Barker DJ. Type 2 (non-insulin-dependent) diabetes mellitus: the
thrifty phenotype hypothesis. Diabetologia. 1992;35(7):595–601.
11. Jarvis S, Glinianaia SV, Torrioli MG, Platt MJ, Miceli M, Jouk PS, Johnson A,
Hutton J, Hemming K, Hagberg G, et al. Cerebral palsy and intrauterine

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

growth in single births: European collaborative study. Lancet. 2003;
362(9390):1106–11.
Groom KM, Poppe KK, North RA, McCowan LM. Small-for-gestationalage infants classified by customized or population birthweight
centiles: impact of gestational age at delivery. Am J Obstet Gynecol.
2007;197(3):239. e231-235.
Engineer N, Kumar S. Perinatal variables and neonatal outcomes in severely
growth restricted preterm fetuses. Acta Obstet Gynecol Scand. 2010;89(9):
1174–81.
Regev RH, Lusky A, Dolfin T, Litmanovitz I, Arnon S, Reichman B, Israel Neonatal
N. Excess mortality and morbidity among small-for-gestational-age premature
infants: a population-based study. J Pediatr. 2003;143(2):186–91.
Padilla-Gomes NF, Enriquez G, Acosta-Rojas R, Perapoch J, HernandezAndrade E, Gratacos E. Prevalence of neonatal ultrasound brain lesions in
premature infants with and without intrauterine growth restriction. Acta
Paediatr. 2007;96(11):1582–7.
Vintzileos AM, Ananth CV. First trimester prediction of ischemic placental
disease. Semin Perinatol. 2014;38(3):159–66.
McCowan LM, Thompson JM, Taylor RS, North RA, Poston L, Baker PN, Myers J,
Roberts CT, Dekker GA, Simpson NA, et al. Clinical prediction in early pregnancy
of infants small for gestational age by customised birthweight centiles: findings
from a healthy nulliparous cohort. PLoS One. 2013;8(8):e70917.
Duffett L, Rodger M. LMWH to prevent placenta-mediated pregnancy
complications: an update. Br J Haematol. 2015;168(5):619–38.
Hnat MD, Sibai BM, Caritis S, Hauth J, Lindheimer MD, MacPherson C,
VanDorsten JP, Landon M, Miodovnik M, Paul R, et al. Perinatal outcome in
women with recurrent preeclampsia compared with women who develop
preeclampsia as nulliparas. Am J Obstet Gynecol. 2002;186(3):422–6.
Makkonen N, Heinonen S, Kirkinen P. Obstetric prognosis in second pregnancy
after preeclampsia in first pregnancy. Hypertens Pregnancy. 2000;19(2):173–81.
Sibai BM, el-Nazer A, Gonzalez-Ruiz A. Severe preeclampsia-eclampsia in
young primigravid women: subsequent pregnancy outcome and remote
prognosis. Am J Obstet Gynecol. 1986;155(5):1011–6.
van Rijn BB, Hoeks LB, Bots ML, Franx A, Bruinse HW. Outcomes of subsequent
pregnancy after first pregnancy with early-onset preeclampsia. Am J Obstet
Gynecol. 2006;195(3):723–8.
Askie LM, Duley L, Henderson-Smart DJ, Stewart LA, Group PC. Antiplatelet
agents for prevention of pre-eclampsia: a meta-analysis of individual patient
data. Lancet. 2007;369(9575):1791–8.
Duley L, Henderson-Smart DJ, Knight M, King JF. Antiplatelet agents for
preventing pre-eclampsia and its complications. Cochrane Database Syst
Rev. 2004;1:CD004659.
Sibai B, Dekker G, Kupferminc M. Pre-eclampsia. Lancet. 2005;365(9461):785–99.
Quenby S, Mountfield S, Cartwright JE, Whitley GS, Vince G. Effects of lowmolecular-weight and unfractionated heparin on trophoblast function.
Obstet Gynecol. 2004;104(2):354–61.
Bose P, Black S, Kadyrov M, Weissenborn U, Neulen J, Regan L, Huppertz B.
Heparin and aspirin attenuate placental apoptosis in vitro: implications for
early pregnancy failure. Am J Obstet Gynecol. 2005;192(1):23–30.
Bose P, Black S, Kadyrov M, Bartz C, Shlebak A, Regan L, Huppertz B. Adverse
effects of lupus anticoagulant positive blood sera on placental viability can
be prevented by heparin in vitro. Am J Obstet Gynecol. 2004;191(6):2125–31.
Kutteh WH. Antiphospholipid antibody-associated recurrent pregnancy loss:
treatment with heparin and low-dose aspirin is superior to low-dose aspirin
alone. Am J Obstet Gynecol. 1996;174(5):1584–9.
Rai R, Cohen H, Dave M, Regan L. Randomised controlled trial of aspirin
and aspirin plus heparin in pregnant women with recurrent miscarriage
associated with phospholipid antibodies (or antiphospholipid antibodies). BMJ.
1997;314(7076):253–7.
Farquharson RG, Quenby S, Greaves M. Antiphospholipid syndrome in
pregnancy: a randomized, controlled trial of treatment. Obstet Gynecol.
2002;100(3):408–13.
Laskin CA, Spitzer KA, Clark CA, Crowther MR, Ginsberg JS, Hawker GA,
Kingdom JC, Barrett J, Gent M. Low molecular weight heparin and aspirin
for recurrent pregnancy loss: results from the randomized, controlled
HepASA Trial. J Rheumatol. 2009;36(2):279–87.
North RA, Ferrier C, Gamble G, Fairley KF, Kincaid-Smith P. Prevention of
preeclampsia with heparin and antiplatelet drugs in women with renal
disease. Aust N Z J Obstet Gynaecol. 1995;35(4):357–62.
Mello G, Parretti E, Fatini C, Riviello C, Gensini F, Marchionni M, Scarselli GF,
Gensini GF, Abbate R. Low-molecular-weight heparin lowers the recurrence

Groom et al. BMC Pregnancy and Childbirth (2016) 16:367

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Page 7 of 7

rate of preeclampsia and restores the physiological vascular changes in
angiotensin-converting enzyme DD women. Hypertension. 2005;45(1):86–91.
Kupferminc MJ, Fait G, Many A, Lessing JB, Yair D, Bar-Am A, Eldor A. Lowmolecular-weight heparin for the prevention of obstetric complications in
women with thrombophilias. Hypertens Pregnancy. 2001;20(1):35–44.
Riyazi N, Leeda M, de Vries JI, Huijgens PC, van Geijn HP, Dekker GA. Lowmolecular-weight heparin combined with aspirin in pregnant women with
thrombophilia and a history of preeclampsia or fetal growth restriction: a
preliminary study. Eur J Obstet Gynecol Reprod Biol. 1998;80(1):49–54.
Rey E, Garneau P, David M, Gauthier R, Leduc L, Michon N, Morin F, Demers C,
Kahn SR, Magee LA, et al. Dalteparin for the prevention of recurrence
of placental-mediated complications of pregnancy in women without
thrombophilia: a pilot randomized controlled trial. J Thromb Haemost.
2009;7(1):58–64.
de Vries JI, van Pampus MG, Hague WM, Bezemer PD, Joosten JH, Investigators
F. Low-molecular-weight heparin added to aspirin in the prevention of recurrent
early-onset pre-eclampsia in women with inheritable thrombophilia: the FRUITRCT. J Thromb Haemost. 2012;10(1):64–72.
Martinelli I, Ruggenenti P, Cetin I, Pardi G, Perna A, Vergani P, Acaia B,
Facchinetti F, La Sala GB, Bozzo M, et al. Heparin in pregnant women with
previous placenta-mediated pregnancy complications: a prospective,
randomized, multicenter, controlled clinical trial. Blood. 2012;119(14):
3269–75.
Haddad B, Winer N, Chitrit Y, Houfflin-Debarge V, Chauleur C, Bages K,
Tsatsaris V, Gris JC, Bastuji-Garin S. LB1: Prevention of maternal and perinatal
complications by enoxaparin in women with previous severe preeclampsia
(hepepe): an open-label, multicenter, prospective, randomized, controlled
trial. Am J Obstet Gynecol. 2016;214(1):S452.
Rodger MA, Hague WM, Kingdom J, Kahn SR, Karovitch A, Sermer M,
Clement AM, Coat S, Chan WS, Said 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):1673–83.
Sanofi-Aventis New Zealand limited. CLEXANE and CLEXANE FORTE.
2016. http://www.medsafe.govt.nz/profs/datasheet/c/clexaneinj.pdf
Accessed: 21 July 2016.
Australasian Society for Ultrasound in Medicine (ASUM). Statement on
Normal Ultrasonic Fetal Measurements. 2001. http://www.asum.com.au/files/
public/SoP/D7-Statement-on-Normal-Ultrasound-Fetal-Measurements.pdf
Accessed: 26 July 2016.
Salomon LJ, Alfirevic Z, Berghella V, Bilardo C, Hernandez-Andrade E, Johnsen
SL, Kalache K, Leung KY, Malinger G, Munoz H, et al. Practice guidelines for
performance of the routine mid-trimester fetal ultrasound scan. Ultrasound
Obstet Gynecol. 2011;37(1):116–26.
Bhide A, Acharya G, Bilardo CM, Brezinka C, Cafici D, Hernandez-Andrade E,
Kalache K, Kingdom J, Kiserud T, Lee W, et al. ISUOG practice guidelines: use
of Doppler ultrasonography in obstetrics. Ultrasound Obstet Gynecol.
2013;41(2):233–9.
Anderson NH, Sadler LC, Stewart AW, McCowan LM. Maternal and pathological
pregnancy characteristics in customised birthweight centiles and identification
of at-risk small-for-gestational-age infants: a retrospective cohort study. BJOG.
2012;119(7):848–56.
Tranquilli AL, Dekker G, Magee L, Roberts J, Sibai BM, Steyn W, Zeeman GG,
Brown MA. The classification, diagnosis and management of the hypertensive
disorders of pregnancy: A revised statement from the ISSHP. Pregnancy
Hypertens. 2014;4(2):97–104.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

