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Abstract

Background: Preterm birth (birth before 37 weeks of gestation) is a major problem in obstetrics and affects an
estimated 15 million pregnancies worldwide annually. A history of previous preterm birth is the strongest risk factor
for preterm birth, and recurrent spontaneous preterm birth affects more than 2.5 million pregnancies each year. A
recent meta-analysis showed possible benefits of the use of low dose aspirin in the prevention of recurrent
spontaneous preterm birth. We will assess the (cost-)effectiveness of low dose aspirin in comparison with placebo
in the prevention of recurrent spontaneous preterm birth in a randomized clinical trial.

Methods/design: Women with a singleton pregnancy and a history of spontaneous preterm birth in a singleton
pregnancy (22–37 weeks of gestation) will be asked to participate in a multicenter, randomized, double blinded,
placebo controlled trial. Women will be randomized to low dose aspirin (80 mg once daily) or placebo, initiated
from 8 to 16 weeks up to maximal 36 weeks of gestation. The primary outcome measure will be preterm birth,
defined as birth at a gestational age (GA) < 37 weeks. Secondary outcomes will be a composite of adverse neonatal
outcome and maternal outcomes, including subgroups of prematurity, as well as intrauterine growth restriction
(IUGR) and costs from a healthcare perspective. Preterm birth will be analyzed as a group, as well as separately for
spontaneous or indicated onset. Analysis will be performed by intention to treat. In total, 406 pregnant women
have to be randomized to show a reduction of 35% in preterm birth from 36 to 23%. If aspirin is effective in
preventing preterm birth, we expect that there will be cost savings, because of the low costs of aspirin. To evaluate
this, a cost-effectiveness analysis will be performed comparing preventive treatment with aspirin with placebo.

Discussion: This trial will provide evidence as to whether or not low dose aspirin is (cost-) effective in reducing
recurrence of spontaneous preterm birth.

Trial registration: Clinical trial registration number of the Dutch Trial Register: NTR 5675. EudraCT-registration
number: 2015-003220-31.

Keywords: Pregnancy, ‘Spontaneous recurrent preterm birth’, SPTB, Preterm birth, Preterm labour, PTB, Prevention,
Reduction, Aspirin, Acetylsalicylic acid, ASA

* Correspondence: m.a.oudijk@amc.uva.nl
3Department of Obstetrics and Gynecology, Academic Medical Center,
Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Visser et al. BMC Pregnancy and Childbirth  (2017) 17:223 
DOI 10.1186/s12884-017-1338-0

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Erasmus University Digital Repository

https://core.ac.uk/display/158599729?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-017-1338-0&domain=pdf
http://www.trialregister.nl/
mailto:m.a.oudijk@amc.uva.nl
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Preterm birth (<37 weeks of gestation) is the most com-
mon cause of neonatal morbidity and mortality world-
wide. Worldwide in 2010 an estimated 14.9 million
neonates were born preterm of whom 1.6 million were
born < 32 weeks of gestation [1].
Preterm birth accounts for 70% of all neonatal mortality

and for 40% of childhood neurological morbidity [2]
resulting in a tremendous impact on both the child and its
parents. The effects of preterm birth are not restricted to
the neonatal period. Prematurity is a risk factor for devel-
opmental problems later in life. The risk of complications
is directly proportional to the severity of prematurity;
adverse neonatal outcome declines from 77% at 24–27
weeks to less than 2% beyond 34 weeks [2, 3].
Gestational age at birth determines to a large extent the

health prospects of the neonate. The increased physical
and mental health problems for preterm born children
result in increased health costs, leading to a considerable
economic burden for society [4].
One third of preterm births are due to medical inter-

vention because of maternal or fetal complications, while
two third of preterm births occurs after spontaneous
onset of the delivery [5]. The strongest risk factor associ-
ated with preterm birth is a previous preterm birth, with
a relative risk (RR) of 6.0 (95% CI 4.1 – 8.8) if the pre-
term birth was < 32 weeks in the index pregnancy and
RR 4.8 (95% CI 3.9–6.0) if birth was between 32 and
36 weeks [6]. Currently, the mostly used strategy for pre-
vention of recurrent spontaneous preterm birth is the
administration of progestagens, either natural progester-
one or 17 Alpha-hydroxyprogesterone. A Cochrane review
on the subject concluded that the use of progesterone is
associated with benefits in infant health and showed a re-
duction of preterm birth less than 37 weeks (10 studies;
1750 women; pooled RR 0.55, 95% CI 0.42 to 0.74) [7]. In
the largest trial on the subject a reduction from 55% to
36% (RR 0.66; 95% CI 0.54–0.81) was observed [8]. A re-
cent publication of a large trial showed that vaginal pro-
gesterone was not associated with reduced risk of preterm
birth or composite neonatal adverse outcomes [9]. Thus,
the literature on the subject is ambiguous. Despite the use
of progestagens, at least one third of the women will
have a recurrent spontaneous preterm birth, suggest-
ing that multiple underlying mechanisms contribute
to its pathogenesis [10].
An increasing body of evidence suggests that utero-

placental ischemia plays a major role in the genesis of
spontaneous preterm labour. Placental vascular path-
ology and placental bed pathology are common findings
in women with a spontaneous preterm birth [10–13].
Also, abnormal angiogenic/anti-angiogenic profile in
maternal plasma is seen in a subset of patients with
spontaneous preterm birth [14], and increased resistance

at midtrimester Doppler measurement of uterine artery
flow provides an increased risk of spontaneous preterm
birth [15]. In addition, women with a spontaneous pre-
term birth have an increased risk of developing cardio-
vascular disease later in life [16, 17]. These findings
suggest an overlap with other ischemic placental diseases
such as preeclampsia.
In the light of the possible similar underlying mechan-

ism, preventive measures for ischemic placental disease
might also be effective in preventing recurrent spontan-
eous preterm birth. The most successful intervention in
the prevention of recurrent preeclampsia is low dose
acetylsalicylic acid (aspirin or ASA). Aspirin acts as a
thrombocyte aggregation inhibitor and it reduces prosta-
glandin synthesis through inhibition of the enzyme cyclo-
oxygenase, thereby having an anti-inflammatory effect. A
recent meta-analysis showed a reduction of preeclampsia
with a RR 0.47 (0.34-0.65) if aspirin was initiated before
16 weeks of gestation [18]. Interestingly, a marked reduc-
tion in total preterm births was also observed with a RR of
0.22 (0.0–0.49). This reduction in preterm birth could not
be fully explained by the reduction of indicated preterm
birth by clinicians for medical reasons, suggesting also a
decrease in spontaneous preterm births associated with
the use of aspirin. A recently published Individual Partici-
pant Data (IPD) meta-analysis specifically looked at rates
of spontaneous preterm birth in women receiving anti-
platelet agents for the indication of high risk of pre-
eclampsia [19]. Women assigned to aspirin treatment
compared to placebo or no treatment had a lower risk of
spontaneous preterm birth <34 weeks (RR 0.86, 95% CI
0.76–0.99) and <37 weeks (RR 0.93, 95% CI 0.86–0.996).
Furthermore, in other groups of patients where

aspirin is used to improve pregnancy outcomes there is
also evidence suggesting an effect on spontaneous pre-
term birth.
A recent IPD meta-analysis on preconception started

low-dose aspirin treatment in IVF patients found a
lower, though not statistically significant, incidence of
preterm birth in women with a singleton pregnancy after
adjustment for hypertensive pregnancy complications
(OR 0.52, CI 0.16–1.7) [20].
A Dutch randomized clinical trial on aspirin and low

molecular weight heparins in patients with recurrent
miscarriage showed the lowest incidence of preterm
birth in the aspirin group of 1.6%, versus 10.1% in the
combined (aspirin and Low Molecular Weight Heparin
(LMWH)) group and 4.3% in the placebo group [21].
Another recent randomized clinical trial, randomizing
women with one or two recent pregnancy losses be-
tween low dose aspirin and placebo, started preconcep-
tion and continued until 36 weeks of gestation, showed
a trend towards a lower spontaneous preterm birth rate
with a RR of 0.45, 95% CI 0.19 to 1.08 [22, 23].
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Aspirin is a safe intervention in pregnancy as a recent
review commissioned by the 'U.S. Preventive Services
Task Force' concluded [24]. In view of the potential
common underlying etiology of ischemic placental dis-
ease such as preeclampsia and spontaneous preterm
birth, the proven preventive effect of aspirin on pre-
eclampsia and the promising results in prevention of
spontaneous preterm birth in RCTs on IVF, miscarriage
and preeclampsia, our hypothesis is that aspirin adminis-
tered before 16 weeks of gestation onwards will reduce
recurrent spontaneous preterm birth. As this treatment
is at present not routine practice and as this hypothesis
has never been tested in a randomized clinical trial in
patients with a previous spontaneous preterm birth, we
designed a randomized clinical trial on the subject. The ef-
fect of aspirin on spontaneous preterm birth is tested best
in a high-risk population, being women with a previous
spontaneous preterm birth.

Methods/design
Aims
The objective of the study is to assess the (cost-)effective-
ness of low dose aspirin in comparison with placebo in
preventing preterm birth when initiated in early pregnancy
in women with a previous spontaneous preterm birth.

Design and setting
A multicenter, randomized, double blinded, placebo
controlled trial will be performed within the Dutch
Consortium for Healthcare Evaluation and Research in
Obstetrics and Gynecology (NVOG Consortium 2.0,
www.studies-obsgyn.nl).

Participant/eligibility criteria
Patients 18 years of age or older are eligible in case of a
singleton pregnancy between 8 and 16 weeks of gesta-
tion with a previous spontaneous preterm birth in a
singleton pregnancy, defined as birth at a gestational age
between 22 and 37 weeks. Spontaneous preterm birth
is defined as a preterm birth following spontaneous
contractions with intact membranes or preterm birth
after spontaneously ruptured membranes. Exclusion
criteria include women with previous indicated pre-
term births for maternal reasons such as preeclampsia
or HELLP-syndrome or for fetal reasons such as IUGR,
other indications for aspirin use, thrombocytopenia/
thrombocytopathy, major fetal malformations in current
pregnancy or in previous spontaneous preterm birth.

Procedures, recruitment, randomization and collection of
baseline data
Eligible women will be identified by the local research
coordinators and/or the staff of participating hospitals.
Women eligible for the trial will be counseled by ‘good

clinical practice’ (GCP) trained doctors, midwifes or re-
search nurses. After counseling and reading the patient
information form, patients will be asked for written
consent. We will provide patient information in Dutch
as well as in English. After informed consent, patient
data will be entered in a web-based database, which will
also facilitate randomization.
Women will randomly be double-blindly allocated to

either aspirin administration or placebo administration
in a 1:1 ratio: both participant and healthcare worker
will be unaware of what group the women is allocated.
Randomization will be performed centrally with the use
of a random 2 : 4 block design.
At study entry, baseline demographic, past obstetric

and medical history will be recorded into the web-based
Case Report Form (CRF) that is accessible through a
closed part of a central website, OpenClinica. Details of
delivery, maternal and neonatal assessments during preg-
nancy or post-partum are recorded in the CRF. The
collected data will be coded and processed with adequate
precautions to ensure patient confidentially.

Intervention
Eligible women will be randomized by a web-based cen-
tral randomization system to low dose aspirin 80 mg
one tablet a day or placebo one tablet a day, preferably
taken in the evening. Administration will be initiated be-
tween 8 and 16 weeks of gestation and will be continued
up to 36 weeks of gestation or up to delivery, whatever
comes first. Other preventive measures such as adminis-
tration of progesterone, cerclage or pessary will be pro-
vided according local protocols for prevention of
preterm birth derived from the national guidelines [25].

Follow up
All details on delivery, maternal and neonatal assess-
ments and admission during pregnancy are recorded in
the CRF that is accessible through the website. Mortality
and morbidity will be specified for the mother and the
child until date of discharge from hospital or 3 months
of corrected age. We plan long term follow-up of the chil-
dren at age of 24 and 60 months to examine (neuro-)
developmental outcomes.

Outcome measures
The primary outcome measure will be preterm birth, de-
fined as birth at a GA of less than 37 weeks. The most
important secondary outcome is a composite of poor
neonatal outcome (including bronchopulmonary dyspla-
sia (BPD), periventricular leucomalacia (PVL) > grade 1,
intraventricular hemorrhage (IVH) > grade 2, necrotizing
enterocolitis (NEC) > stage 1, retinopathy of prematurity
(ROP), culture proven sepsis and perinatal death). The
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individual components of the composite outcome will
also be assessed separately.
The diagnosis of BPD will be made at 36 weeks of

postmenstrual age, if a neonate has received supplemen-
tal oxygen for at least 28 days. Classification will take
place using an oxygen reduction test [26]. PVL > grade 1
and IVH > grade 2 will be diagnosed by repeated cranial
ultrasound by the neonatologist, according to the Papille
classification [27, 28]. NEC stage >1; will be diagnosed
and classified by the Bell staging criteria. ROP will be
classified conform the International Classification of
Retinopathy of Prematurity [29]. Culture proven sepsis is
defined as the combination of clinical signs and a posi-
tive blood culture. Distinction will be made between:
early onset sepsis (EONS) and late onset sepsis (LONS).
For EONS clinical suspicion and positive blood culture
suffices for a diagnosis. LONS will be diagnosed accord-
ing to the definition of Stoll [30] that also requires a
CRP blood level of >10 mg/L. Finally, perinatal death is
defined as death of a fetus or neonate at any time be-
tween a gestational age of ≥ 16 weeks and discharge.
Additional secondary neonatal outcomes are number

of days on ventilation support (mechanical ventilation
and/or respiratory support by Continuous Positive
Airway Pressure (CPAP)), infant respiratory distress syn-
drome (IRDS) that requires treatment with surfactant,
patent ductus arteriosus (PDA) that requires medical or
surgical treatment, cerebellar bleeding, days of admission
on the NICU, convulsions, asphyxia, proven meningitis,
pneumothorax and total days in hospital until 3 months
corrected age.
Furthermore, preterm birth rates at ≤ 28 weeks, ≤

32 weeks, ≤ 34 weeks of gestation will be assessed as a
group and will also be analyzed separately as spontan-
eous, indicated or as a combination. Growth restriction
will be analyzed and birth weight will be assessed both
continuous and < p10. Separate assessment of birth
weight will take place on fetal growth chart [31] and is
defined as estimated fetal weight < P10.
Maternal outcomes include maternal side effects,

maternal mortality, hospital admissions in general and
specifically due to threatened preterm labour with
need for treatment with tocolysis and or corticoste-
roids for antenatal fetal lung ripening. Maternal mor-
bidity due to hypertensive disease in pregnancy will be
defined according to the ACOG-guideline ‘hypertension in
pregnancy’ [32]. Pregnancy-induced hypertension will be
defined as: development of new hypertension ≥ 140/
90 mmHg measured twice after 20 weeks of gestation. Pre-
eclampsia will be defined as: hypertension ≥ 140/90 mmHg
measured twice after 20 weeks of gestation and proteinuria
(protein ≥ 300 mg/24 h) or thrombocytopenia (thrombo-
cytes < 150 x 10e9/L), impaired liver function or renal insuf-
ficiency. Eclampsia will be defined as: seizures in a

pregnancy complicated by preeclampsia. HELLP syndrome
will be defined as: as the presence of hemolysis, elevated
liver enzymes and low platelets with or without the pres-
ence of proteinuria of hypertension. Placental abruption
will be defined as: clinical diagnosis of (partial) detachment
of the placenta from the uterine wall [32].
Other maternal outcomes will be defined as follows:

gestational diabetes as onset of diabetes after 20 weeks
of gestation. The diagnosis of pulmonary edema will be
based on clinical findings, thromboembolic disease will
include both deep vein thrombosis and pulmonary
embolism, maternal infection or inflammation will be a
clinical diagnosis and major ante- or post-partum
hemorrhage (blood loss ≥ 1 liter) will also be assessed.
The core-outcomes for research concerning interven-

tions to prevent preterm birth as defined by the
CROWN-initiative [33] will be assessed where possible
to ensure that data from trials that assess prevention of
preterm birth can be compared and combined, for
example in future meta-analyses.
Costs will be measured from a healthcare perspective

using case record forms until 3 months of corrected age
of the infant. Costs will include costs of outpatient visits,
hospital admissions, and the delivery. For the valuation
of health care utilization, standard prices published in
the Dutch costing guidelines will be used. Alternatively,
hospital administration data or tariffs will be used if
necessary. Medication use will be valued using prices of
the Royal Dutch Society for Pharmacy.
Hypothesis generating subgroup analyses will be per-

formed for women with a previous preterm birth before
and after 30 and 34 weeks GA, a history of preterm birth
starting with contractions with intact membranes versus
preterm premature rupture of membranes (PPROM),
women additionally treated with progestagens versus no
additional treatment, women with a short cervix
(<25 mm before 24 weeks) in the current pregnancy and
women who started using the study-medication at less
than 12 weeks versus 12-16 weeks of gestation.

Statistical issues
Data-analysis
Data will be analyzed according to the intention-to-treat
principle. Participants will be kept in the study regard-
less of whether they decide to discontinue the study
medication unless they explicitly withdraw permission to
use their data. Because the results are all to be extracted
from the medical records of the participants, it is not
expected that there will be missing data. Best effort will
be made to retrieve the data. If still there is missing data,
this will be mentioned along with the reason. Baseline
characteristics of the groups will be presented using per-
centages, means with 95% confidence intervals (CI) and
medians with interquartile ranges, where appropriate.
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No interim analysis for efficacy will be performed, however
an independent Data Safety and Monitoring Committee
will be monitoring patient safety every 6 months, starting
9 months after the inclusion of the first patient.
The main outcome variable, ‘reduction in recurrent

preterm birth’, will be assessed by comparing the event
rates in the two groups using a chi-square test with a p-
value of 0.05. The main outcome will be presented as
absolute and relative risks (along with 95% confidence
intervals) and numbers needed to treat (if applicable).
The secondary outcome is poor neonatal outcome.

Categorical secondary outcomes will be assessed in the
same way as the primary outcome, except that Fisher’s
exact test will be used where appropriate. For continu-
ous secondary outcomes, differences between groups
will be assessed with the student’s t-test if the outcome
is normally distributed and with a non-parametric
Mann-Whitney U test if skewed. These outcomes will be
presented per group as means with standard deviation,
geometric means with 95% CI, or as median with inter-
quartile range, whichever appropriate.
A Kaplan–Meier plot of gestational age at delivery will

be presented and the difference gestational age at birth
between the study arms will be tested with the log-rank
test. Along with this plot, the percentage non-delivered
at 28, 30, 32, and 34 weeks will be presented per arm.

Sample size
A reduction of recurrent preterm birth from 36 to 23%
(a reduction of 35%) can be detected if 406 patients are
recruited (203 in each arm, power of 80%, (alpha-error
0.05). Because estimates are not consistent, the assump-
tion of the occurrence of recurrent preterm birth was
made based on the largest trial performed on prevention
of preterm birth using progesterone [8].

Economic analysis
The economic evaluation will be performed from a health-
care perspective. The primary outcome will be costs
(savings) per pre-term birth prevented. Missing cost and
effect data will be imputed using multiple imputation.
Cost and effect differences will be estimated using bivari-
ate regression models with adjustment for confounders
and effect modifiers if necessary. Bias-corrected acceler-
ated bootstrapping (5000 replications) will be used to as-
sess statistical uncertainty. Incremental cost-effectiveness
ratios (ICERs) will be calculated by dividing the difference
in costs by the differences in primary and secondary out-
comes between the groups. Cost-effectiveness acceptabil-
ity curves showing the probability that the intervention is
cost-effective in comparison with usual care for a range of
different ceiling ratios will also be estimated [34]. In a
budget impact analysis results from the economic

evaluation will be extrapolated to the national level. The
economic analysis will be published in a separate paper.

Serious adverse events
A data safety monitoring board is established to perform
ongoing safety surveillance. Serious adverse events will
be reported to the board every 6 months along with the
treatment arm. No interim analysis for efficacy will be
performed.

Confidentiality and data security
Linking personal data with randomization number can
only be done in the local clinics. Each participating clinic
receives a login name and password to gain access to the
web-secured database. The access is restricted to the
database of the clinic to which the password and login
name belongs. Full access to the entire database is
restricted to some members of the research staff.

Discussion
Recurrent spontaneous preterm birth remains a large
contributor to the perinatal morbidity and mortality as a
result of preterm birth, with a need for additional pre-
ventive methods. Based on research that points in the
direction of placental ischemia as a (partial) cause of
spontaneous preterm birth, interventions that improve
the placentation may be effective in reducing the num-
ber of (recurrent) spontaneous preterm birth. This study
is designed to provide evidence on the (cost-) effective-
ness of low dose aspirin in comparison with placebo in
preventing preterm birth in women with a history of
spontaneous preterm birth. Low dose aspirin is consid-
ered safe in pregnancy and is already widely embedded
in the obstetric practice for other indications. Therefore, if
aspirin is proven to be effective in reducing recurrent
spontaneous preterm birth, it would be easy to implement
in daily practice.

Abbreviations
(S)PTB: (Spontaneous) preterm birth; ASA: Aspirin; BPD: Bronchopulmonary
dysplasia; CRF: Case report form; GA: Gestational age; GCP: Good clinical
practice; HELLP: Hemolysis elevated liver enzymes and low platelets;
IUGR: Intrauterine growth restriction; IVF: In vitro fertilization;
IVH: Intraventricular hemorrhage; LMWH: Low molecular weight heparin;
NEC: Necrotic enterocolitis; NICU: Neonatal intensive care unit;
PE: Preeclampsia; PVL: Periventricular leukomalacia; ROP: Retinopathy of
prematurity

Acknowledgements
We thank the collaborators of the study group; the gynecologists of the
participating centers for their help as local investigators for the APRIL trial.

Funding
This trial is funded by ZonMw grant (The Netherlands organization for health
research and development) grant-number: 80-83600-98-40102.

Availability of data and materials
Data will be stored in a web-based database (Open Clinica). Data control is
possible during the inclusion period of the trial. After the trial is concluded

Visser et al. BMC Pregnancy and Childbirth  (2017) 17:223 Page 5 of 7



the database containing the generated data will be available for verification
of the data and requests for data verification will have to be addressed to
the NVOG consortium (www.studies-obsgyn.nl). All data of trials performed
within the NVOG consortium are stored centrally. Therefore, the data will not
be publicly available but will be available from the corresponding author
upon reasonable request and with permission of the NVOG consortium.

Authors’ contributions
LV, MAdB, TAJN, MAO, CJMdG, KWMB, JEB, MK, BWJM, CAN, JAMvdP and
MACH were involved in conception and design of the study. LV, MAdB and
MAO drafted the manuscript. JOvL, MS, HS, JvD, MTMF, JMS, HJJD and MNB
reviewed and edited the manuscript. All authors mentioned in the
manuscript are member of the APRIL-study group or collaborators. They
participated in the design of the study during several meetings and are local
investigators in the participating centers. All authors edited the manuscript
and read and approved the final manuscript.

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

Consent for publication
Not applicable.

Ethics approval and consent to participate
This study has been approved by the ethics committee of the Academic
Medical Center Amsterdam (ref.no 2015_332#C20152636). This trial is
registered in the Dutch Trial Register, NTR 5675 (http://www.trialregister.nl)
date of registration: 22-01-2016.
Women eligible for the trial will be counseled by’good clinical practice’ (GCP)
trained doctors, midwifes or research nurses. After counseling and reading
the patient information form, patients will be asked for written consent. This
consent form will be obtained before participation in the trial.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Obstetrics and Gynecology, VU University Medical Center, De
Boelelaan 1118, 1081 HZ Amsterdam, The Netherlands. 2Department of
Obstetrics and Gynecology, Birth Centre Wilhelmina Children Hospital,
University Medical Center Utrecht, Heidelberglaan 100, 3584 CX Utrecht, The
Netherlands. 3Department of Obstetrics and Gynecology, Academic Medical
Center, Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands. 4Department
of Obstetrics and Gynecology, Leiden University Medical Center, Albinusdreef
2, 2333 ZA Leiden, The Netherlands. 5Department of Health Sciences and the
EMGO Institute for Health and Care Research, Faculty of Earth and Life
Sciences, Vrije Universiteit Amsterdam, De Boelelaan 1085, 1081 HV
Amsterdam, The Netherlands. 6Department of Obstetrics and Gynecology,
Robinson Research Institute, University of Adelaide, 72 King William St, North
Adelaide SA 5006, Australia. 7Department of Obstetrics and Gynecology,
Maxima Medical Center in Veldhoven, De Run 4600, 5504 DB Veldhoven, The
Netherlands. 8Department of Obstetrics and Gynecology, Maastricht
University Medical Center, P. Debyelaan 25, 6229 HX Maastricht, The
Netherlands. 9Department of Obstetrics and Gynecology, Radboud University
Medical Center, Geert Grooteplein-Zuid 10, 6525 GA Nijmegen, The
Netherlands. 10Department of Obstetrics and Gynecology, University Medical
Center Groningen, Hanzeplein 1, 9713 GZ Groningen, The Netherlands.
11Department of Obstetrics and Gynecology, Hospital Group Twente,
Zilvermeeuw 1, 7609 PP Almelo, The Netherlands. 12Department of
Obstetrics and Gynecology, Erasmus Medical Center, ‘s- Gravendijkwal 230,
3015 CE Rotterdam, The Netherlands. 13Department of Neonatology, Isala
Clinic, Dokter van Heesweg 2, 8025 AB Zwolle, The Netherlands. 14Julius
Center for Health Sciences and Primary Care, University Medical Center
Utrecht, Heidelberglaan 100, 3584 CX Utrecht, The Netherlands.

Received: 14 February 2017 Accepted: 19 May 2017

References
1. Blencowe H, Cousens S, Oestergaard MZ, Chou D, Moller AB, Narwal R, et al.

National, regional, and worldwide estimates of preterm birth rates in the
year 2010 with time trends since 1990 for selected countries: a systematic
analysis and implications. Lancet. 2012;379(9832):2162–72.

2. Hack M, Fanaroff AA. Outcomes of children of extremely low birthweight
and gestational age in the 1990’s. Early Hum Dev. 1999;53(3):193–218.

3. Dutch National Neonatal Registration. Prismant; 2002.
4. Petrou S. Economic consequences of preterm birth and low birthweight.

BJOG. 2003;110 Suppl 20:17–23.
5. Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of

preterm birth. Lancet. 2008;371(9606):75–84.
6. Kristensen J, Langhoff-Roos J, Kristensen FB. Implications of idiopathic

preterm delivery for previous and subsequent pregnancies. Obstet Gynecol.
1995;86(5):800–4.

7. Dodd JM, Jones L, Flenady V, Cincotta R, Crowther CA. Prenatal
administration of progesterone for preventing preterm birth in women
considered to be at risk of preterm birth. Cochrane Database Syst Rev.
2013;7:CD004947.

8. Meis PJ, Klebanoff M, Thom E, Dombrowski MP, Sibai B, Moawad AH, et al.
Prevention of recurrent preterm delivery by 17 alpha-hydroxyprogesterone
caproate. N Engl J Med. 2003;348(24):2379–85.

9. Norman JE, Marlow N, Messow CM, Shennan A, Bennett PR, Thornton S, et
al. Vaginal progesterone prophylaxis for preterm birth (the OPPTIMUM
study): a multicentre, randomised, double-blind trial. Lancet. 2016;
387(10033):2106–16.

10. Arias F, Rodriquez L, Rayne SC, Kraus FT. Maternal placental vasculopathy and
infection: two distinct subgroups among patients with preterm labor and
preterm ruptured membranes. Am J Obstet Gynecol. 1993;168(2):585–91.

11. Kelly R, Holzman C, Senagore P, Wang J, Tian Y, Rahbar MH, et al. Placental
vascular pathology findings and pathways to preterm delivery. Am J
Epidemiol. 2009;170(2):148–58.

12. Kim YM, Bujold E, Chaiworapongsa T, Gomez R, Yoon BH, Thaler HT, et al. Failure
of physiologic transformation of the spiral arteries in patients with preterm labor
and intact membranes. Am J Obstet Gynecol. 2003;189(4):1063–9.

13. Kim YM, Chaiworapongsa T, Gomez R, Bujold E, Yoon BH, Rotmensch S, et
al. Failure of physiologic transformation of the spiral arteries in the placental
bed in preterm premature rupture of membranes. Am J Obstet Gynecol.
2002;187(5):1137–42.

14. Chaiworapongsa T, Romero R, Tarca A, Kusanovic JP, Mittal P, Kim SK, et al.
A subset of patients destined to develop spontaneous preterm labor has an
abnormal angiogenic/anti-angiogenic profile in maternal plasma: evidence
in support of pathophysiologic heterogeneity of preterm labor derived from
a longitudinal study. J Matern Fetal Neonatal Med. 2009;22(12):1122–39.

15. Misra VK, Hobel CJ, Sing CF. Placental blood flow and the risk of preterm
delivery. Placenta. 2009;30(7):619–24.

16. Heida KY, Velthuis BK, Oudijk MA, Reitsma JB, Bots ML, Franx A, et al.
Cardiovascular disease risk in women with a history of spontaneous
preterm delivery: A systematic review and meta-analysis. Eur J Prev Cardiol.
2016;23(3):253–63.

17. Smith GC, Pell JP, Walsh D. Pregnancy complications and maternal risk of
ischaemic heart disease: a retrospective cohort study of 129,290 births.
Lancet. 2001;357(9273):2002–6.

18. Bujold E, Roberge S, Lacasse Y, Bureau M, Audibert F, Marcoux S, et al.
Prevention of preeclampsia and intrauterine growth restriction with
aspirin started in early pregnancy: a meta-analysis. Obstet Gynecol.
2010;116(2 Pt 1):402–14.

19. van Vliet EO, Askie LA, Mol BW, Oudijk MA. Antiplatelet agents and the
prevention of spontaneous preterm birth: a systematic review and meta-
analysis. Obstet Gynecol. 2017;129(2):327–36.

20. Groeneveld E, Lambers MJ, Lambalk CB, Broeze KA, Haapsamo M, de Sutter
P, et al. Preconceptional low-dose aspirin for the prevention of hypertensive
pregnancy complications and preterm delivery after IVF: a meta-analysis
with individual patient data. Hum Reprod. 2013;28(6):1480–8.

21. Kaandorp SP, Goddijn M, van der Post JA, Hutten BA, Verhoeve HR,
Hamulyak K, et al. Aspirin plus heparin or aspirin alone in women with
recurrent miscarriage. N Engl J Med. 2010;362(17):1586–96.

Visser et al. BMC Pregnancy and Childbirth  (2017) 17:223 Page 6 of 7

http://www.studies-obsgyn.nl/
http://www.trialregister.nl/


22. Schisterman EF, Silver RM, Lesher LL, Faraggi D, Wactawski-Wende J,
Townsend JM, et al. Preconception low-dose aspirin and pregnancy
outcomes: results from the EAGeR randomised trial. Lancet. 2014;
384(9937):29–36.

23. Silver RM, Ahrens K, Wong LF, Perkins NJ, Galai N, Lesher LL, et al. Low-dose
aspirin and preterm birth: a randomized controlled trial. Obstet Gynecol.
2015;125(4):876–84.

24. Henderson JT, Whitlock EP, O’Connor E, Senger CA, Thompson JH, Rowland
MG. Low-dose aspirin for prevention of morbidity and mortality from
preeclampsia: a systematic evidence review for the U.S. Preventive services
task force. Ann Intern Med. 2014;160(10):695–703.

25. NVOG. Threatening preterm labour (dreigende vroeggeboorte). 2011.
26. Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir Crit Care

Med. 2001;163(7):1723–9.
27. de Vries LS, Liem KD, van Dijk K, Smit BJ, Sie L, Rademaker KJ, et al. Early

versus late treatment of posthaemorrhagic ventricular dilatation: results of a
retrospective study from five neonatal intensive care units in The
Netherlands. Acta Paediatr. 2002;91(2):212–7.

28. Ment LR, Bada HS, Barnes P, Grant PE, Hirtz D, Papile LA, et al. Practice
parameter: neuroimaging of the neonate: report of the quality standards
subcommittee of the American academy of neurology and the practice
committee of the child neurology society. Neurology. 2002;58(12):1726–38.

29. Gole GA, Ells AL, Katz X, Holmstrom G, Fielder AR, Capone Jr A, Flynn JT,
Good WG, Holmes JM, McNamara JA, Palmer EA, Quinn GE, Shapiro MJ,
Trese MGJ, Wallace DK. The International Classification of Retinopathy of
Prematurity revisited. Arch Ophthalmol. 2005;123(7):991–9.

30. Stoll BJ, Hansen N, Fanaroff AA, Wright LL, Carlo WA, Ehrenkranz RA, et al.
Late-onset sepsis in very low birth weight neonates: the experience of the
NICHD Neonatal Research Network. Pediatrics. 2002;110(2 Pt 1):285–91.

31. Hadlock FP, Harrist RB, Carpenter RJ, Deter RL, Park SK. Sonographic
estimation of fetal weight. The value of femur length in addition to head
and abdomen measurements. Radiology. 1984;150(2):535–40.

32. Report of the American College of Obstetricians and Gynecologists 'Task
Force on Hypertension in Pregnancy’, Roberts JM AP, Bakris G, Barton JR,
Bernstein IM, Druzin M, et al. Hypertension in pregnancy; executive
summary. Obstet Gynecol. 2013;122(5):1122–31.

33. van’t Hooft J, Duffy JM, Daly M, Williamson P, Meher S, Thom E, et al. A core
outcome Set for evaluation of interventions to prevent preterm birth.
Obstet Gynecol. 2016;127(1):49–58.

34. Sullivan SD, Mauskopf JA, Augustovski F, Jaime Caro J, Lee KM, Minchin M,
et al. Budget impact analysis-principles of good practice: report of the
ISPOR 2012 budget impact analysis good practice II task force. Value Health.
2014;17(1):5–14.

•  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

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Visser et al. BMC Pregnancy and Childbirth  (2017) 17:223 Page 7 of 7


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods/design
	Aims
	Design and setting
	Participant/eligibility criteria
	Procedures, recruitment, randomization and collection of baseline data
	Intervention
	Follow up
	Outcome measures
	Statistical issues
	Data-analysis
	Sample size
	Economic analysis
	Serious adverse events
	Confidentiality and data security


	Discussion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

