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Epidémiologie

• France
o 2% des femmes enceintes
o 3ème cause de décès maternels
o Prématurité induite

• Dans le monde
o 10 M PE/an dans la monde
o 65000 décès maternels/an (OMS)

o 500000 décès périnataux/an

nulliparous, and they were more likely to have
diabetes mellitus and a fetus with a congenital anom-
aly compared with women without early-onset disease
(Table 1). Women with late-onset disease were more
likely to be younger, unmarried, nulliparous, and
have diabetes mellitus. However, they were less likely
to be Hispanic, less likely to smoke during pregnancy,
and less likely to have a female fetus.

Women with preeclampsia had a significantly high-
er rate of maternal death compared with women without
preeclampsia (14.8 compared with 4.1 deaths/100,000
singleton deliveries; rate ratio 3.7, 95% CI 1.1–12.1).
There was one maternal death among the 2,374 women
with early-onset preeclampsia, yielding a maternal mor-
tality rate of 42.1 per 100,000 singleton deliveries
(95% CI 5.9–299.0). Among women with late-onset

Table 1. Maternal Characteristics and Clinical Risk Factors Associated With Early-Onset and Late-Onset
Preeclampsia Among Singleton Deliveries, Washington State, 2000–2008

Demographic and Clinical Risk Factors

Early-Onset Preeclampsia Late-Onset Preeclampsia*

Yes (n52,374) No (n5667,746) P Yes (n517,890) No (n5639,467) P

Age (y)
Younger than 20 238 (10.0) 60,432 (9.05) .10 2,433 (13.6) 56,687 (8.86) ,.01
20–34 1,694 (71.4) 507,090 (75.9) ,.01 12,918 (72.2) 486,878 (76.1) ,.01
35 or older 442 (18.6) 100,224 (15.0) ,.01 2,539 (14.2) 95,902 (15.0) ,.01

Race
Non-Hispanic white 1,539 (64.8) 466,483 (69.9) ,.01 12,692 (70.9) 447,121 (69.9) ,.01
African American 210 (8.9) 28,181 (4.22) ,.01 947 (5.29) 26,468 (4.14) ,.01
Hispanic 307 (12.9) 87,079 (13.0) .87 2,373 (13.3) 83,350 (13.0) .37
Native 66 (2.78) 15,876 (2.38) .20 514 (2.87) 14,960 (2.34) ,.01
Other 208 (8.76) 62,476 (9.36) .32 1,177 (6.58) 60,342 (9.44) ,.01

Maternal education less than high school 425 (19.0) 124,656 (19.3) .68 3,379 (19.6) 118,939 (19.2) .29
Smoking during pregnancy 235 (10.3) 73,855 (11.3) .13 1,687 (9.6) 70,505 (11.2) ,.01
Unmarried 883 (37.5) 211,773 (31.8) ,.01 6,568 (36.8) 200,813 (31.5) ,.01
No prior live births 1,324 (58.9) 271,782 (41.7) ,.01 11,751 (67.1) 255,436 (40.9) ,.01
Diabetes mellitus 253 (10.7) 34,073 (5.10) ,.01 1,744 (9.75) 31,676 (4.95) ,.01
Neonatal sex (male) 1,226 (51.6) 342,398 (51.3) .72 9,503 (53.1) 327,026 (51.1) ,.01
Congenital anomalies 47 (1.98) 7,577 (1.13) ,.01 206 (1.15) 6,848 (1.07) .30

Data are n (%) unless otherwise specified.
P values were based on a x2 test; the proportion of missing values for education, parity, smoking and race was 3.3%, 2.3%, 2.0% and 1.1%,

respectively.
* Rates are based on ongoing pregnancies at 34 weeks of gestation.

Fig. 2. Incidence of early-onset and
late-onset preeclampsia, Washington
State, 2000–2008. *The rates of late-
onset preeclampsia were based on
ongoing pregnancies at 34 weeks of
gestation.
Lisonkova. Preeclampsia and Maternal
Morbidity. Obstet Gyncol 2014.
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Recommandations task
force

placental abruption or fetal death; maternal comorbid con-
ditions (including type 1 or 2 pregestational diabetes,
chronic hypertension, renal disease, and autoimmune dis-
eases); and multifetal gestation (1).

Predictive models that combine risk factors to identify
women at risk for preeclampsia, such as serum biomarkers,
uterine artery Doppler ultrasonography, and clinical his-
tory and measures, are in development (3, 4). None have
yet shown sufficient accuracy for clinical use.
Benefits of Preventive Medication

The USPSTF found adequate evidence of a re-
duction in risk for preeclampsia, preterm birth, and
IUGR in women at increased risk for preeclampsia who
received low-dose aspirin, thus demonstrating substantial
benefit.

Low-dose aspirin (range, 60 to 150 mg/d) reduced
the risk for preeclampsia by 24% in clinical trials and
reduced the risk for preterm birth by 14% and IUGR by
20%.
Harms of Preventive Medication

The USPSTF found adequate evidence that low-dose
aspirin as preventive medication does not increase the risk
for placental abruption, postpartum hemorrhage, or fetal

intracranial bleeding. In a meta-analysis of randomized,
controlled trials (RCTs) and observational studies of
women at low/average or increased risk for preeclampsia,
there was no significantly increased risk for these adverse
events. In addition, there was no difference in the risk for
placental abruption by aspirin dosage.

The USPSTF also found adequate evidence that low-
dose aspirin as preventive medication in women at in-
creased risk for preeclampsia does not increase the risk for
perinatal mortality.

Evidence on long-term outcomes in offspring exposed
in utero to low-dose aspirin is limited, but no developmen-
tal harms were identified by 18 months of age in the one
study reviewed.

The USPSTF concludes that the harms of low-dose
aspirin in pregnancy are no greater than small.

USPSTF Assessment
The USPSTF concludes with moderate certainty that

there is a substantial net benefit of daily low-dose aspirin
use to reduce the risk for preeclampsia, preterm birth, and
IUGR in women at high risk for preeclampsia.

Figure. Low-dose aspirin use for the prevention of morbidity and mortality from preeclampsia: clinical summary of U.S. Preventive
Services Task Force recommendation.

LOW-DOSE ASPIRIN USE FOR THE PREVENTION OF MORBIDITY AND MORTALITY
  FROM PREECLAMPSIA

CLINICAL SUMMARY OF U.S. PREVENTIVE SERVICES TASK FORCE RECOMMENDATION

Population

Recommendation

Risk Assessment

Preventive Medication

Balance of Benefits and 
Harms

Other Relevant USPSTF
Recommendations

Pregnant women are at high risk for preeclampsia if they have 1 or more of the following risk factors:

•  History of preeclampsia, especially when accompanied by an adverse outcome
•  Multifetal gestation
•  Chronic hypertension
•  Type 1 or 2 diabetes
•  Renal disease
•  Autoimmune disease (i.e., systemic lupus erythematosus, the antiphospholipid syndrome) 

Low-dose aspirin (60 to 150 mg/d) initiated between 12 and 28 weeks of gestation reduces the occurrence of 
preeclampsia, preterm birth, and IUGR in women at increased risk for preeclampsia.

The harms of low-dose aspirin in pregnancy are considered to be no greater than small.

There is a substantial net benefit of daily low-dose aspirin to reduce the risk for preeclampsia, preterm birth, and IUGR in 
women at high risk for preeclampsia.

The USPSTF recommends that all women planning or capable of pregnancy take a daily supplement containing 0.4 to 0.8 
mg (400 to 800 g) of folic acid. This recommendation is available at www.uspreventiveservicestaskforce.org.

Asymptomatic pregnant women who are at high risk for preeclampsia

Prescribe low-dose (81 mg/d) aspirin after 12 weeks of gestation.
Grade: B

For a summary of the evidence systematically reviewed in making this recommendation, the full recommendation statement, and supporting documents,
please go to www.uspreventiveservicestaskforce.org. IUGR ! intrauterine growth restriction.
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Low-Dose Aspirin Use for the Prevention of Morbidity and Mortality
From Preeclampsia: U.S. Preventive Services Task Force
Recommendation Statement
Michael L. LeFevre, MD, MSPH, on behalf of the U.S. Preventive Services Task Force*

Description: Update of the 1996 U.S. Preventive Services Task
Force (USPSTF) recommendation on aspirin prophylaxis in pregnancy.

Methods:The USPSTF reviewed the evidence on the effectiveness
of low-dose aspirin in preventing preeclampsia in women at in-
creased risk and in decreasing adverse maternal and perinatal health
outcomes, and assessed the maternal and fetal harms of low-dose
aspirin during pregnancy.

Population: This recommendation applies to asymptomatic preg-
nant women who are at increased risk for preeclampsia and who
have no prior adverse effects with or contraindications to low-dose
aspirin.

Recommendation:The USPSTF recommends the use of low-dose
aspirin (81 mg/d) as preventive medication after 12 weeks of
gestation in women who are at high risk for preeclampsia. (B
recommendation)

Ann Intern Med. 2014;161:819-826. doi:10.7326/M14-1884 www.annals.org
For author affiliation, see end of text.
* For a list of USPSTF members, see the Appendix (available at
www.annals.org).
This article was published online first at www.annals.org on 9 September 2014.

The U.S. Preventive Services Task Force (USPSTF) makes
recommendations about the effectiveness of specific preven-

tive care services for patients without related signs or
symptoms.

It bases its recommendations on the evidence of both the
benefits and harms of the service and an assessment of the
balance. The USPSTF does not consider the costs of providing
a service in this assessment.

The USPSTF recognizes that clinical decisions involve
more considerations than evidence alone. Clinicians should
understand the evidence but individualize decision making to
the specific patient or situation. Similarly, the USPSTF notes
that policy and coverage decisions involve considerations in
addition to the evidence of clinical benefits and harms.

SUMMARY OF RECOMMENDATION AND EVIDENCE

The USPSTF recommends the use of low-dose aspirin
(81 mg/d) as preventive medication after 12 weeks of ges-
tation in women who are at high risk for preeclampsia. (B
recommendation)

See the Clinical Considerations section for additional
information about risk factors, timing, and dosage.

See the Figure for a summary of the recommendation
and suggestions for clinical practice.

Appendix Table 1 describes the USPSTF grades, and
Appendix Table 2 describes the USPSTF classification of
levels of certainty about net benefit (both tables are avail-
able at www.annals.org).

RATIONALE
Importance

Preeclampsia is one of the most serious health prob-
lems affecting pregnant women. It is a complication in 2%
to 8% of pregnancies worldwide and contributes to both
maternal and infant morbidity and mortality. Preeclampsia
also accounts for 15% of preterm births in the United
States (1). The disorder is defined by the onset of hyper-
tension (blood pressure !140/90 mm Hg) and proteinuria
(!0.3 g of protein in the urine within a 24-hour period)
during the second half of pregnancy (!20 weeks). In the
absence of proteinuria, preeclampsia is classified as hyper-
tension with any of the following: thrombocytopenia,
impaired liver function, renal insufficiency, pulmonary
edema, or cerebral or visual disturbances (2).
Recognition of Risk Status

Important risk factors for preeclampsia include history
of preeclampsia (including early-onset preeclampsia), intra-
uterine growth restriction (IUGR), or preterm birth;

See also:

Summary for Patients. . . . . . . . . . . . . . . . . . . . . . . I-28
Related article: Ann Intern Med. 2014;160:695-703.
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Un dépistage de la PE

Oui Mais
• Fréquence : 16000 

nouveaux cas par an
• Complications 

maternelles et périnatales
• Pas de traitement curatif
• Aspirine à faible dose

o Traitement efficaces en 
prévention secondaire

o Traitement peu onéreux
o Peu d’effets secondaires

• Doit être précoce 
• Ne doit pas induire trop 

de FP
• Doit permettre 

d’identifier tous les cas 
de PE

• Doit être suivi d’une 
intervention efficace



Recommandations 
actuelles

UK (NICE) USA (TF) FRANCE

Dépistage sur FDR
- Haut risqué = ATCD de 

PE, ATCD pathologie 
rénale, HTA chornique, 
pathologie aut-immune, 
DT1/DT2

- Risque modéré= Age>40 
ans, délai entre 2 
grossesses>10ans, 
BMI>35, ATCD familial de 
PE

Aspirine 81 mg/j si un 
facteur de risque élevé 
ou 2 facteurs de risque 
modéré

Dépistage sur FDR
-ATCD de PE
-HTA chronique
-Grossesse multiple
-Diabète de type ½
-Pathologie rénale
-Pathologie auto-immune

Aspirine 81 mg/j si ai 
moins un facteur de 
risque élevé

Pas de dépistage 

Aspirine 100mg/j si 
ATCD de PE

USA (ACOG)

Dépistage sur FDR
nulliparité, âge>40 ans, 
BMI>30, FIV, ATCD de 
PE, ATCD familiaux de 
PE, HTA chronique, 
pathologie rénale 
chronique, DT1/DT2, 
lupus, thrombophilie

Aspirine 100mg/j si 
ATCD de PE<34 SA



Facteurs de risque cliniques

• Ethnie
• HTA
• Obésité
• Age
• Diabète
• Pathologies rénales chroniques
• Grossesse multiples
• Don d’ovocyte
• Nulliparité & Primipaternité
• ATCD de PE
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Clinical risk prediction for pre-eclampsia in nulliparous
women: development of model in international prospective
cohort

Robyn A North, professor of maternal and fetal medicine,1 Lesley M EMcCowan, professor of obstetrics and
gynaecology,2 Gustaaf A Dekker, professor of obstetrics and gynaecology,3 Lucilla Poston, professor of
maternal and fetal health,1 Eliza H Y Chan, research fellow,2 Alistair W Stewart, senior research fellow,4

Michael A Black, senior lecturer,5 Rennae S Taylor, project manager,2 James J Walker, professor of obstetrics
and gynaecology,6 Philip N Baker, professor of obstetrics and gynaecology,7 visiting professor of obstetrics
and gynaecology,8 Louise C Kenny, professor of obstetrics9

ABSTRACT
Objectives To develop a predictive model for pre-

eclampsia based on clinical risk factors for nulliparous

women and to identify a subgroup at increased risk, in

whom specialist referral might be indicated.

Design Prospective multicentre cohort.

Setting Five centres in Auckland, New Zealand; Adelaide,

Australia; Manchester and London, United Kingdom; and

Cork, Republic of Ireland.

Participants 3572 “healthy” nulliparous women with a

singletonpregnancy froma large international study; data

on pregnancy outcome were available for 3529 (99%).

Main outcome measure Pre-eclampsia defined as

≥140 mm Hg or diastolic blood pressure ≥90 mm Hg, or

both, on at least two occasions four hours apart after

20 weeks’ gestation but before the onset of labour, or

postpartum, with either proteinuria or any multisystem

complication. Preterm pre-eclampsia was defined as

women with pre-eclampsia delivered before 37+0 weeks’

gestation. In the stepwise logistic regression the

comparison group was women without pre-eclampsia.

Results Of the 3529 women, 186 (5.3%) developed pre-

eclampsia, including 47 (1.3%) with preterm pre-

eclampsia. Clinical risk factors at 14-16 weeks’ gestation

were age, mean arterial blood pressure, body mass index

(BMI), family history of pre-eclampsia, family history of

coronary heart disease, maternal birth weight, and

vaginal bleeding for at least five days. Factors associated

with reduced risk were a previous single miscarriage with

the same partner, taking at least 12 months to conceive,

high intake of fruit, cigarette smoking, and alcohol use in

the first trimester. The area under the receiver operating

characteristics curve (AUC), under internal validation, was

0.71. Addition of uterine artery Doppler indices did not

improve performance (internal validation AUC 0.71). A

framework for specialist referral was developed based on

a probability of pre-eclampsia generated by the model of

at least 15% or an abnormal uterine artery Doppler

waveform in a subset of women with single risk factors.

Nine per cent of nulliparous women would be referred for

a specialist opinion, of whom 21% would develop pre-

eclampsia. The relative risk for developing pre-eclampsia

and preterm pre-eclampsia in women referred to a

specialist comparedwith standard carewas 5.5 and 12.2,

respectively.

Conclusions The ability to predict pre-eclampsia in

healthy nulliparous women using clinical phenotype is

modest and requires external validation in other

populations. If validated, it could provide a personalised

clinical risk profile for nulliparous women to which

biomarkers could be added.

Trial registration ACTRN12607000551493.

INTRODUCTION

Pre-eclampsia is a multisystem complication that
occurs after 20 weeks of pregnancy and can cause con-
siderable maternal and fetal morbidity and mortality.1

This complex condition is characterised by suboptimal
uteroplacental perfusion associated with a maternal
inflammatory response and maternal vascular endo-
thelial dysfunction.2 One of the main reasons for serial
clinical assessment in antenatal care is the early detec-
tion of signs (raised blood pressure and proteinuria)
indicative of evolving pre-eclampsia.3 Recent guide-
lines from the National Institute for Health and Clini-
cal Excellence (NICE) also recommend routine
screening for specific risk factors for pre-eclampsia
(nulliparity, older age, high body mass index (BMI),
family history of pre-eclampsia, underlying renal dis-
ease or chronic hypertension, multiple pregnancy,
more than 10 years between pregnancies, and a perso-
nal history of pre-eclampsia).3 The expected rate of
pre-eclampsia when any one of these risk factors is pre-
sent ranges from 3% to more than 30%, and many
women have several risk factors.4-7 The absolute risk
for an individual will be determined by the presence
or absence of these and other predisposing or
protective factors not incorporated in the NICE
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ABSTRACT
Objectives To develop a predictive model for pre-

eclampsia based on clinical risk factors for nulliparous

women and to identify a subgroup at increased risk, in

whom specialist referral might be indicated.

Design Prospective multicentre cohort.

Setting Five centres in Auckland, New Zealand; Adelaide,

Australia; Manchester and London, United Kingdom; and

Cork, Republic of Ireland.

Participants 3572 “healthy” nulliparous women with a

singletonpregnancy froma large international study; data

on pregnancy outcome were available for 3529 (99%).

Main outcome measure Pre-eclampsia defined as

≥140 mm Hg or diastolic blood pressure ≥90 mm Hg, or

both, on at least two occasions four hours apart after

20 weeks’ gestation but before the onset of labour, or

postpartum, with either proteinuria or any multisystem

complication. Preterm pre-eclampsia was defined as

women with pre-eclampsia delivered before 37+0 weeks’

gestation. In the stepwise logistic regression the

comparison group was women without pre-eclampsia.

Results Of the 3529 women, 186 (5.3%) developed pre-

eclampsia, including 47 (1.3%) with preterm pre-

eclampsia. Clinical risk factors at 14-16 weeks’ gestation

were age, mean arterial blood pressure, body mass index

(BMI), family history of pre-eclampsia, family history of

coronary heart disease, maternal birth weight, and

vaginal bleeding for at least five days. Factors associated

with reduced risk were a previous single miscarriage with

the same partner, taking at least 12 months to conceive,

high intake of fruit, cigarette smoking, and alcohol use in

the first trimester. The area under the receiver operating

characteristics curve (AUC), under internal validation, was

0.71. Addition of uterine artery Doppler indices did not

improve performance (internal validation AUC 0.71). A

framework for specialist referral was developed based on

a probability of pre-eclampsia generated by the model of

at least 15% or an abnormal uterine artery Doppler

waveform in a subset of women with single risk factors.

Nine per cent of nulliparous women would be referred for

a specialist opinion, of whom 21% would develop pre-

eclampsia. The relative risk for developing pre-eclampsia

and preterm pre-eclampsia in women referred to a

specialist comparedwith standard carewas 5.5 and 12.2,

respectively.

Conclusions The ability to predict pre-eclampsia in

healthy nulliparous women using clinical phenotype is

modest and requires external validation in other

populations. If validated, it could provide a personalised

clinical risk profile for nulliparous women to which

biomarkers could be added.

Trial registration ACTRN12607000551493.

INTRODUCTION

Pre-eclampsia is a multisystem complication that
occurs after 20 weeks of pregnancy and can cause con-
siderable maternal and fetal morbidity and mortality.1

This complex condition is characterised by suboptimal
uteroplacental perfusion associated with a maternal
inflammatory response and maternal vascular endo-
thelial dysfunction.2 One of the main reasons for serial
clinical assessment in antenatal care is the early detec-
tion of signs (raised blood pressure and proteinuria)
indicative of evolving pre-eclampsia.3 Recent guide-
lines from the National Institute for Health and Clini-
cal Excellence (NICE) also recommend routine
screening for specific risk factors for pre-eclampsia
(nulliparity, older age, high body mass index (BMI),
family history of pre-eclampsia, underlying renal dis-
ease or chronic hypertension, multiple pregnancy,
more than 10 years between pregnancies, and a perso-
nal history of pre-eclampsia).3 The expected rate of
pre-eclampsia when any one of these risk factors is pre-
sent ranges from 3% to more than 30%, and many
women have several risk factors.4-7 The absolute risk
for an individual will be determined by the presence
or absence of these and other predisposing or
protective factors not incorporated in the NICE
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ischaemic heart disease.42 43 Confirming the results of a
case-control study,44 a lowermaternal birth weight was
associatedwith an increased risk of pre-eclampsia, with
an even greater risk when low maternal birth weight
coexisted with other key risk factors. Prolonged vagi-
nal bleeding in early pregnancy was associated with a
twofold increase in risk of pre-eclampsia. As reported
by others, most of these bleeds were mild in severity,
suggesting that a discrete bleeding pattern could be
associated with later pre-eclampsia.45

Several factorswere associatedwith a reduced risk of
pre-eclampsia. A single early miscarriage with the
same partner, eating a lot of fruit, and smoking were
protective, again reassuringly consistent with previous
reports.10 12 46 The protective influence of cigarette
smoking in our cohort was less than previously
reported, and cigarettes did not remain in the model
whenwe added uterine arteryDoppler indices.46 Alco-
hol use in the first trimester was protective but requires
confirmation in other cohorts.47 Obese women are
reported to drink less alcohol, possibly because food
fulfils their addictive behaviour.48 49 Obesity is unlikely
to be the only explanation, however, as the protective
effect of alcohol is retainedwith BMI in themodel, and
there was no interaction between BMI and alcohol.
A recent series of publications reported algorithms

to predict pre-eclampsia based on clinical risk factors
in a general population comprising high risk women
(previous pre-eclampsia and medical conditions), nul-
liparous women, and low risk women (multiparas with
previous uncomplicated pregnancies).9 36 50 A model is
fitted to the population in which it was developed,
using the available candidate predictors.30 A general
antenatal population constructed of subgroups with
different risk profiles is difficult to replicate and future
“general populations” are likely to comprise a different
case-mix. The importance of population differences is
evident in the failure of one proposed algorithm to vali-
date in a high risk population,51 raising questions as to
more general applicability to other populations such as
“healthy” nulliparous women. Poor performance on

validation might also occur because key predictors
aremissing from themodel.When the list of candidate
predictors includes strongly predictive factors, such as
previous pre-eclampsia, renal disease, and chronic
hypertension,16 34 these will take precedence, replacing
other factors that might be more relevant to healthy
nulliparous women. In contrast, in SCOPE, we inves-
tigated candidate predictors applicable to healthy nul-
liparous women.

Clinical relevance
The new information on the rate of pre-eclampsia in
the presence of combinations of specific risk factors
(table 5) could beused by clinicians to improve current
guidelines for specialist referral in nulliparous women.
When we applied the criteria proposed in the NICE
guidelines to the SCOPE cohort, 16.5% of nulliparous
women would be referred for a specialist opinion of
whom 10% would develop pre-eclampsia. 52 This
included 31% of the 186 women who developed pre-
eclampsia and 38% of the 47 of those who developed
preterm pre-eclampsia. If we included only first preg-
nancy, as in the NICE guidelines, 52 12% would be
referred and 23% and 28% cases of pre-eclampsia and
preterm pre-eclampsia, respectively, would be
detected. Our proposed framework for specialist refer-
ral based on the algorithm, along with uterine artery
Doppler screening of a subpopulation, performed bet-
ter than the NICE guidelines but requires validation.
Among the referredwomen (9% of nulliparas), the rate
of pre-eclampsia was 21%. Thirty four per cent of cases
of pre-eclampsia and 53% of cases of preterm pre-
eclampsia were identified. This framework has the
potential to identify a subgroup of nulliparous
women at high risk of pre-eclampsia who could benefit
from low dose aspirin and more intensive antenatal
surveillance. It does not, however, provide additional
information for the rest, whose risk is similar to an
unscreened nulliparous population. Hence a negative
“test” result would not modify current clinical care.
The algorithm requires external validation, followed
by assessment of the impact of increased surveillance,
the false positive and false negative results, and a health
economics analysis. If externally validated, this algo-
rithm could help to inform future NICE guidelines
for specialist referral. It could be made accessible,
including via theweb, as a support for risk stratification
of healthy nulliparous women in low resource settings.
To improve overall accuracy and detection of cases,
the clinical algorithm will require the addition of bio-
markers.

Conclusions
Wehave identified themost important clinical risk fac-
tors for pre-eclampsia in healthy nulliparous women
and provided new information on the level of risk asso-
ciated with specific combinations of risk factors. The
predictive performance of the algorithm is modest,
but offers a considerable improvement on current
practice in healthy nulliparous women. As all known
risk factors were included in this large prospective

Standard care
(913 women, 4% develop pre-eclampsia,

0.7% preterm pre-eclampsia)

No scan 0.1%

Normal uterine
resistance index

20%

Abnormal uterine
resistance index

3%

Specialist referral
(87 women, 21% develop pre-eclampsia,

8% preterm pre-eclampsia)

Nulliparous women (n=1000, 5.3% develop pre-eclampsia  and 1.3% preterm pre-eclampsia)

Step 1
Combinations of clinical

risk factors with ≥15% risk
of pre-eclampsia (6%)

Step 2
If systolic blood pressure
>120 or BMI ≥30 or family
history of pre-eclampsia
and not in Step 1 (23%)

20 week uterine artery Doppler
with fetal anatomy ultrasound

Step 3
No risk factors (71%)

Fig 4 |Framework for specialist referral when estimated risk of pre-eclampsia is ≥15% in model
or presence of clinical risk factor with abnormal result on uterine artery Doppler scan
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from the 20±1 week dataset, in most cases because of
missing data from the Doppler ultrasound (n=157)
(fig 1).
In total 186 (5%) women developed pre-eclampsia;

in eight the diagnosis was postpartum and 47 (1%)
delivered preterm. Table 1 shows background charac-
teristics and table 2 shows outcomes of pregnancy in
women who did and did not develop pre-eclampsia.
Women who developed pre-eclampsia were younger,
had a lower socioeconomic index, and at 15 weeks’
gestationweremore likely to be obese and have higher
blood pressure. Pre-eclampsia developed at a mean of
36.9 (SD 3.3) weeks’ gestation, with a median protein:
creatinine ratio of 88 mg/mmol (range 30-2445 mg/
mmol) and 24 hour urinary protein excretion of
0.78 g (range 0.30-9.9 g). The diagnosis of pre-eclamp-
sia was based on hypertension in combination with
multisystem complications in 24 of the 186 women
(13%), four of whom had “+” proteinuria. Forty two
per cent of the women had at least one multisystem
complication: 8% (n=14) had a diagnosis of HELLP
(haemolysis, elevated liver enzymes, and low platelets)
or ELLP (elevated liver enzymes and lowplatelets), 5%
(n=9) developed impaired renal function, and one
woman had eclampsia. A quarter of the babies were
born preterm and 24% were small for gestational age.

Prediction of pre-eclampsia with clinical risk factors and
uterine artery Doppler

Table 3 shows the clinical risk factors independently
associated with pre-eclampsia on multivariable analy-
sis (see tables B1 and B2 in appendix 2 on bmj.com for
unadjusted odds ratios). Addition of ultrasound scan
variables to the 15 week clinical data resulted in age
and the number of cigarettes a day being removed
from the model and inclusion of duration of sexual

relationship of six months or less and uterine artery
Doppler waveform indices. Based on clinical risk fac-
tors, the mean AUC from the ten 10-fold cross valida-
tions was 0.71 (SE 0.002) (fig 2). The AUC for the
proposedmodel based on the observations used to cre-
ate the model was 0.76, indicating a bias in the C sta-
tistic of about 5%. The addition of 20 week uterine
artery Doppler indices did not improve performance
based on the study population (internally validated
AUC 0.71 (SE 0.003)). Figure 3 shows that the model
has a reasonable level of calibration, but there is an
indication that, at the higher probabilities for pre-
eclampsia, it might underestimate cases.
Table 4 summarises the screening characteristics of

the models at a false positive rate of 5%, 10%, and 25%
based on the women from whom the model was cre-
ated and from the internal validation where the values
reported are the means of those derived from each of
the cross validation analyses.
To estimate awoman’s probability of pre-eclampsia,

a risk score can be calculated based on the formulas in
the footnote of table 3. The predicted probability
of pre-eclampsia can then be calculated from
1/(1+e−riskscore).31 For example, for a 28 year old nulli-
parous woman whose birth weight was 2400 g, with
a mean arterial pressure of 96 mm Hg, BMI 30, a
family history of pre-eclampsia, and no protective fac-
tors, her probability of pre-eclampsia is 39%. Her risk
of pre-eclampsia decreases as each risk factor is
removed in stepwise fashion; if her mean arterial pres-
sure is 80 mm Hg her probability of pre-eclampsia
would be 18%, if her BMI was 24 her probability
would be 14%, if she had no family history of pre-
eclampsia her probability would be 8%, and if her
birth weight had been 3500 g her probability would
be 5%. If she had protective factors, such as a previous
early miscarriage with her partner, her risk would be
reduced to 2%.

Impact of definition of pre-eclampsia

To evaluate the impact of 24 women receiving a diag-
nosis of pre-eclampsia based on the presence of gesta-
tional hypertension combined with multisystem
complications, the model was reconstructed defining

Table 2 | Characteristics of pregnancy outcomes by pre-eclampsia status. Figures are
numbers (percentages) unless stated otherwise

No pre-eclampsia
(n=3343)

Pre-eclampsia
(n=186) P value*

Maternal

Mean (SD) blood pressure (mm Hg):

Systolic 122 (13) 164 (18) <0.001

Diastolic 75 (10) 104 (10) <0.001

Fetal

No of infants 3329† 186

Mean (SD) birth weight (g) 3408 (581) 3033 (809) <0.001

Mean (SD) gestation at delivery (weeks) 39.5 (2.7) 37.9 (2.8) <0.001

SGA (<10th customised centile)‡ 332 (10) 44 (24) <0.001

Preterm birth:

<37 weeks 214 (6) 47 (25) <0.001

<34 weeks 76 (2) 19 (10) <0.001

Admission to neonatal unit 349 (11) 57 (31) <0.001

Perinatal death 18 (0.5) 1 (0.5) 1.0

SGA=small for gestational age.
*P values are comparisons between groups with χ2 or Student’s t test.
†Excludes miscarriages and abortions.
‡For 3327 women in “no pre-eclampsia” group as customised centiles unavailable when fetus died in utero
before 20 weeks’ gestation.
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Fig 2 | Receiver operating characteristics curves based on
independent predicted values from ten 10-fold cross
validation runs of model of clinical risk factors at 15 weeks
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Ø 3572	Nullipares	entre	14	et	16	SA
Ø Etudes	des	facteurs	de	risque	cliniques	de	PE	
(PAM,	BMI,	ATCD	PE,	ATCD	familiaux	de	
coronaropathie,	poids	de	naissance	maternel,	
métrorragies,	délai	de	conception,	nouveau	
partenaire,	tabagisme,	alcool,	..)

Ø 5,3%	de	PE,	1,3%	de	PE	précoce
Ø AUC	de	la	clinique	0.71
Ø Ajout	des	Dopplers	utérins	:	pas	de	bénéfice

18
7

36
6



Dépistage par les Doppler utérins

• Dopplers utérins à 22 SA:
o Trop tardif pour envisager un traitement préventif

• Dopplers utérins du premier trimestre
o Permettent d�envisager un traitement préventif

o Trop de FP (30%)



Identification de bio-marqueurs 
de pré-éclampsie

Etudes 
PE/témoins

•Facteurs 
significativement 
différents en cas 
de prééclampsie

Etudes sur des 
prélèvements T1

•Facteurs 
significativement 
différents chez les 
patientes qui vont 
développer une 
prééclampsie

Cohortes
prospectives

•Validation des 
performance des 
bio-marqueurs 
pour le dépistage 
de la 
prééclampsie

Molécules candidates



Bio-marqueurs 
de pré-éclampsie

• Nombreux candidats
o hCG
o aFP
o Inhibine A
o Thromboxane A2
o PAI 1/PAI2
o Fibronectine
o Facteur Willebrand
o CRH
o Eryhtroblastes fœtaux
o ADN fœtal circulant

Ø Taux accrus chez les femmes 
pré-éclamptiques

Ø Mauvaise valeur prédictive 
(Se insuffisante, FP élevés)



sVEGF R1PlGF
PlGF

sVEGF R1

Grossesse normale Pré-éclampsie

Facteurs 
pro & anti-angiogéniques

Fonction endothéliale normale

o Perméabilité et  tonus vasculaire
o Filtration glomérulaire normale
o Barrière hémato-encéphalique
o Homeostasie

Dysfonction endothéliale

o Hypertension
o Proteinurie
o Oedeme cérebral
o CIVD



Facteurs 
pro & anti-angiogéniques



First-Trimester Prediction of Preeclampsia in
Nulliparous Women at Low Risk
Leslie Myatt, PhD, Rebecca G. Clifton, PhD, James M. Roberts, MD, Catherine Y. Spong, MD,
John C. Hauth, MD, Michael W. Varner, MD, John M. Thorp Jr, MD, Brian M. Mercer, MD,
Alan M. Peaceman, MD, Susan M. Ramin, MD, Marshall W. Carpenter, MD, Jay D. Iams, MD,
Anthony Sciscione, DO, Margaret Harper, MD, MSc, Jorge E. Tolosa, MD, MSCE, George Saade, MD,
Yoram Sorokin, MD, and Garland D. Anderson, MD, for the Eunice Kennedy Shriver National Institute
of Child Health and Human Development (NICHD) Maternal-Fetal Medicine Units (MFMU) Network*

OBJECTIVE: To identify clinical characteristics and biochem-
ical markers in first-trimester samples that would possibly
predict the subsequent development of preeclampsia.

METHODS: We conducted a multicenter observational
study in 2,434 nulliparous women at low risk to identify
biomarkers that possibly predict preeclampsia. Clinical
history, complete blood count, and biochemical mark-
ers were assessed in the first trimester. The trophoblast
and angiogenesis markers ADAM-12, pregnancy-asso-
ciated plasma protein-A, placental protein 13, placen-
tal growth factor, soluble fms-like tyrosine kinase-1,
and endoglin were measured in a case-control subset
of 174 women with preeclampsia and 509 women in
the control group.

RESULTS: Univariable analysis revealed maternal age,
race, marital status, years of education, source of medical
payment, prenatal caregiver, body mass index (BMI,
calculated as weight (kg)/[height (m)]2), and systolic
blood pressure at enrollment were significantly associ-
ated with preeclampsia. Mean platelet volume was
greater at enrollment in women who later had develop-
ment of preeclampsia (median 9.4 compared with 9.0
femtoliter (fl); P!.02). First-trimester concentrations
(multiples of the median) of ADAM-12 (1.14 compared
with 1.04; P!.003), pregnancy-associated plasma pro-
tein-A (0.94 compared with 0.98; P!.04), and placental
growth factor (0.83 compared with 1.04; P<.001) were
significantly different in women who had development of
preeclampsia compared with women in the control
group. The optimal multivariable model included African
American race, systolic blood pressure, BMI, education
level, ADAM-12, pregnancy-associated plasma protein-A,
and placental growth factor, and yielded an area under
the curve of 0.73 (95% confidence interval 0.69–0.77) and
a sensitivity of 46.1% (95% confidence interval 38.3–54.0)
for 80% specificity.
CONCLUSION: A multivariable analysis of clinical data
and biochemical markers in the first trimester did not

*For a list of other members of the NICHD MFMU, see the Appendix online at
http://links.lww.com/AOG/A302.
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associated plasma protein-A multiples of the median
were highly correlated (r!0.46; P".001). Removal of
ADAM-12 multiples of the median and pregnancy-
associated plasma protein-A individually from the
final model resulted in a slight decrease in the AUC
0.72 (95% CI 0.67–0.76) for ADAM-12 and 0.72 (95%
CI 0.68–0.76) for pregnancy-associated plasma pro-
tein-A). The AUC when both biochemical markers
were removed was 0.71 (95% CI 0.67–0.76) with a
sensitivity of 46% (95% CI 38–54) for 80% specificity.

A final predictive model was also constructed for
development of severe preeclampsia. Variables re-
maining in the final model included clinical (obstetric
caregiver and pulse pressure) and biomarker (AD-
AM-12, pregnancy-associated plasma protein-A, and
placental growth factor) data. This gave an AUC of
0.75 (95% CI 0.68–0.81) with a sensitivity of 55%
(95% CI 43–67) at a fixed 80% specificity.

DISCUSSION
This study was performed in a nulliparous population,
with collection of a comprehensive clinical data set
and with a standardized definition of preeclampsia
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Fig. 2. Receiver-operating characteristic curve for final
predictive model. Clinical and biochemical factors individ-
ually identified as significant predictors of preeclampsia
(African American race, systolic blood pressure, and body
mass index at enrollment, education level, ADAM-12 mul-
tiple of the mean, pregnancy-associated plasma protein-A
multiple of the mean, and placental growth factor multiple
of the mean) were included in the final multivariable
predictive model. This model had an area under the curve
of 0.73 (95% confidence interval 0.69–0.77).
Myatt. First-Trimester Prediction of Preeclampsia. Obstet
Gynecol 2012.

Table 3. First-Trimester Biochemical Concentrations and Preeclampsia

Biomarker
Preeclampsia

(n!174)

Normotensive and
Nonproteinuric

(n!509) P

Area Under
the ROC Curve

(95% CI)

Sensitivity at 80%
Specificity %

(95% CI)

ADAM-12 MoM* 1.14 (0.90–1.46) 1.04 (0.83–1.32) .003 0.58 (0.53–0.63) 29 (22–36)
PAPP-A MoM* 0.94 (0.61–1.31) 0.98 (0.67–1.53) .04 0.54 (0.49–0.59) 23 (17–31)
PP13 MoM* 1.02 (0.78–1.38) 0.99 (0.78–1.35) 1.00 0.51 (0.46–0.56) 21 (15–28)
sFlt-1 MoM 0.94 (0.63–1.36) 1.01 (0.67–1.40) .16 0.54 (0.48–0.59) 25 (19–32)
Endoglin MoM 1.01 (0.87–1.23) 1.00 (0.83–1.17) .20 0.53 (0.48–0.58) 26 (20–34)
PlGF MoM 0.83 (0.63–1.15) 1.04 (0.75–1.33) ".001 0.61 (0.56–0.66) 32 (25–39)

ROC, receiver-operating characteristics; CI, confidence interval; ADAM-12, a disintegrin and metalloprotease 12; MoM, multiples of
the median; PAPP-A, pregnancy-associated plasma protein-A; s-Flt-1, soluble fms-like tyrosine kinase-1; PlGF, placental growth
factor.

Data are median (interquartile range) unless otherwise specified.
MoMs were adjusted for gestational age, maternal weight, race, and smoking.
* ADAM-12 available for 166 women with preeclampsia and 488 normotensive women. PAPP-A available for 171 women with

preeclampsia and 502 normotensive women. PP13 available for 170 women with preeclampsia and 503 normotensive women.

Table 4. Final Multivariable Model for
Preeclampsia

Predictor Odds Ratio 95% CI P

African American 1.53 1.00–2.35 .051
Systolic blood pressure* 1.04 1.02–1.07 ".001
Education level* 0.93 0.86–1.00 .052
BMI at enrollment* 1.05 1.02–1.09 .002
ADAM-12 MoM* 2.61 1.56–4.38 ".001
PAPP-A MoM* 0.73 0.58–0.90 .004
PlGF MoM* 0.52 0.34–0.79 .002

CI, confidence interval; BMI, body mass index; ADAM-12, a
disintegrin and metalloprotease 12; MoM, multiples of the
median; PAPP-A, pregnancy-associated plasma protein-A;
PlGF, placental growth factor.

* Per 1-unit increase.
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associated plasma protein-A multiples of the median
were highly correlated (r!0.46; P".001). Removal of
ADAM-12 multiples of the median and pregnancy-
associated plasma protein-A individually from the
final model resulted in a slight decrease in the AUC
0.72 (95% CI 0.67–0.76) for ADAM-12 and 0.72 (95%
CI 0.68–0.76) for pregnancy-associated plasma pro-
tein-A). The AUC when both biochemical markers
were removed was 0.71 (95% CI 0.67–0.76) with a
sensitivity of 46% (95% CI 38–54) for 80% specificity.

A final predictive model was also constructed for
development of severe preeclampsia. Variables re-
maining in the final model included clinical (obstetric
caregiver and pulse pressure) and biomarker (AD-
AM-12, pregnancy-associated plasma protein-A, and
placental growth factor) data. This gave an AUC of
0.75 (95% CI 0.68–0.81) with a sensitivity of 55%
(95% CI 43–67) at a fixed 80% specificity.

DISCUSSION
This study was performed in a nulliparous population,
with collection of a comprehensive clinical data set
and with a standardized definition of preeclampsia
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Fig. 2. Receiver-operating characteristic curve for final
predictive model. Clinical and biochemical factors individ-
ually identified as significant predictors of preeclampsia
(African American race, systolic blood pressure, and body
mass index at enrollment, education level, ADAM-12 mul-
tiple of the mean, pregnancy-associated plasma protein-A
multiple of the mean, and placental growth factor multiple
of the mean) were included in the final multivariable
predictive model. This model had an area under the curve
of 0.73 (95% confidence interval 0.69–0.77).
Myatt. First-Trimester Prediction of Preeclampsia. Obstet
Gynecol 2012.

Table 3. First-Trimester Biochemical Concentrations and Preeclampsia

Biomarker
Preeclampsia

(n!174)

Normotensive and
Nonproteinuric

(n!509) P
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the ROC Curve

(95% CI)

Sensitivity at 80%
Specificity %

(95% CI)
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Endoglin MoM 1.01 (0.87–1.23) 1.00 (0.83–1.17) .20 0.53 (0.48–0.58) 26 (20–34)
PlGF MoM 0.83 (0.63–1.15) 1.04 (0.75–1.33) ".001 0.61 (0.56–0.66) 32 (25–39)

ROC, receiver-operating characteristics; CI, confidence interval; ADAM-12, a disintegrin and metalloprotease 12; MoM, multiples of
the median; PAPP-A, pregnancy-associated plasma protein-A; s-Flt-1, soluble fms-like tyrosine kinase-1; PlGF, placental growth
factor.

Data are median (interquartile range) unless otherwise specified.
MoMs were adjusted for gestational age, maternal weight, race, and smoking.
* ADAM-12 available for 166 women with preeclampsia and 488 normotensive women. PAPP-A available for 171 women with

preeclampsia and 502 normotensive women. PP13 available for 170 women with preeclampsia and 503 normotensive women.
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Systolic blood pressure* 1.04 1.02–1.07 ".001
Education level* 0.93 0.86–1.00 .052
BMI at enrollment* 1.05 1.02–1.09 .002
ADAM-12 MoM* 2.61 1.56–4.38 ".001
PAPP-A MoM* 0.73 0.58–0.90 .004
PlGF MoM* 0.52 0.34–0.79 .002

CI, confidence interval; BMI, body mass index; ADAM-12, a
disintegrin and metalloprotease 12; MoM, multiples of the
median; PAPP-A, pregnancy-associated plasma protein-A;
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Ø 2434Nullipares	à	bas	risque	entre	14	et	16	SA
Ø 174	PE	– 509	témoins
Ø Etudes	des	facteurs	de	risque	cliniques	et	
biochimiques	de	PE	(ADAM-12,	PAPP-A,	PP13,	
sFlt-1,	sEng,	PlGF))

Ø 7%	de	PE
Ø AUC	de	la	clinique	0.73
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Preeclampsia is a hypertensive condition of pregnancy that 
affects 3% to 5% of nulliparous pregnancies. It remains a 

leading cause of maternal and perinatal morbidity and mortal-
ity, accounting for 70 000 maternal and 500 000 infant reported 
deaths annually.1,2 A quarter of the babies born to mothers with 
preeclampsia are growth restricted and a third are premature; 
preeclampsia accounts for occupancy of ≈20% of neonatal 
intensive care unit cots.3 Surviving neonates may have prob-
lems with neurocognitive development that can result in mild 

learning difficulties through to severe disabilities. Furthermore, 
preeclampsia has healthcare implications for the women later 
in life with an increased risk of hypertension, coronary artery 
disease, stroke, and type 2 diabetes mellitus.4,5

Early identification of preeclampsia remains one of the 
major focuses of antenatal care in high-resource countries. 
The National Institute of Clinical Excellence guideline6 rec-
ommends screening for specific clinical risk factors in the 
first trimester and then offering low-dose aspirin, which can 

Abstract—More than half of all cases of preeclampsia occur in healthy first-time pregnant women. Our aim was to develop 
a method to predict those at risk by combining clinical factors and measurements of biomarkers in women recruited 
to the Screening for Pregnancy Endpoints (SCOPE) study of low-risk nulliparous women. Forty-seven biomarkers 
identified on the basis of (1) association with preeclampsia, (2) a biological role in placentation, or (3) a role in cellular 
mechanisms involved in the pathogenesis of preeclampsia were measured in plasma sampled at 14 to 16 weeks’ 
gestation from 5623 women. The cohort was randomly divided into training (n=3747) and validation (n=1876) cohorts. 
Preeclampsia developed in 278 (4.9%) women, of whom 28 (0.5%) developed early-onset preeclampsia. The final model 
for the prediction of preeclampsia included placental growth factor, mean arterial pressure, and body mass index at 14 
to 16 weeks’ gestation, the consumption of ≥3 pieces of fruit per day, and mean uterine artery resistance index. The area 
under the receiver operator curve (95% confidence interval) for this model in training and validation cohorts was 0.73  
(0.70–0.77) and 0.68 (0.63–0.74), respectively. A predictive model of early-onset preeclampsia included angiogenin/
placental growth factor as a ratio, mean arterial pressure, any pregnancy loss <10 weeks, and mean uterine artery resistance 
index (area under the receiver operator curve [95% confidence interval] in training and validation cohorts, 0.89 [0.78–1.0] 
and 0.78 [0.58–0.99], respectively). Neither model included pregnancy-associated plasma protein A, previously reported 
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biobanked specimens and integrity of the data. We present a 
series of models combining biomarkers and clinical and ultra-
sound data that predict risk of preeclampsia and its different 
subphenotypes in this large, international pregnancy cohort 
of low-risk nulliparous women. The optimal model for the 
prediction of preeclampsia gives, at best, modest prediction, 
and does not perform at a level that would be acceptable for 
introduction into clinical practice. We have previously per-
formed a detailed, state-of-the-art analysis of clinical risk fac-
tors in this cohort9 and developed a model combining novel 
clinical risk factors with modest performance (AUC of 0.71). 
Our expectation was that early pregnancy prediction of pre-
eclampsia would be improved by the addition of biomarkers. 
Despite numerous previous studies supporting the selection 
of the majority of biomarkers included in this investigation, 
none, nor any combination, significantly improved the per-
formance of the clinical risk model (AUC of 0.73 and 0.68 
in the training and validation data sets, respectively, for the 
prediction of all types of preeclampsia). The early pregnancy 
prediction of preterm, and particularly early-onset preeclamp-
sia, is improved by combinations of biomarkers with clinical 
risk factors at 14 to 16 weeks and uterine artery Doppler ultra-
sound (performed at 19–21 weeks).

These analyses provide interesting insights into possible 
biological determinants of the different disease phenotypes. 
A biomarker common to models for all preeclampsia, pre-
term and early-onset preeclampsia is PlGF. PlGF, a member 
of the vascular endothelial growth factor family, is an angio-
genic, proinflammatory factor produced by trophoblast cells, 
and has a central role in the regulation of vascular endothe-
lial growth factor–dependent angiogenesis.20 PlGF circulates 
free or in complexes with soluble fms-like tyrosine kinase-1 
(vascular endothelial growth factor receptor 1). The mechanis-
tic role of PlGF in the pathogenesis of preeclampsia was first 
described by Zhou et al21 in 2002, and evidence soon emerged 

that PlGF showed potential for early prediction of preeclamp-
sia.14,22,23 However, the clinical utility of PlGF in screening for 
preeclampsia seems confined to early-onset disease.24–26 In line 
with this, the screening performance of models presented here 
indicates that reduced plasma PlGF is more strongly associ-
ated with early-onset preeclampsia. Central to the pathogen-
esis of early-onset preeclampsia is defective early placentation 
with impaired trophoblast invasion and restricted remodeling 
of the spiral arteries resulting in reduced uteroplacental per-
fusion. Consistent with this, the other biomarkers associated 
with early-onset preeclampsia in our study, specifically angio-
genin and endoglin, are also placentally derived and involved 
in angiogenesis, a process fundamental to the development of 
the fetal side of the placenta. Reduced PlGF, increased angio-
genin, and increased endoglin have been previously implicated 
in preeclampsia by many investigators.20,27 In contrast to oth-
ers,26 another placental protein, pregnancy-associated plasma 
protein A, did not add predictive value to our models for early-
onset preeclampsia. Overall, our findings add support to the 
concept that early-onset preeclampsia is a more homogeneous 
disorder, associated with abnormal placentation, that can from 
early pregnancy be predicted, to a degree, through altered lev-
els of specific plasma proteins involved in angiogenesis. It is 
also entirely possible that some biomarkers perform better sim-
ply when they are measured closer to the onset of disease and 
therefore by definition, early-onset disease is more predictable.

The challenge involved in applying such models to clini-
cal screening for early-onset preeclampsia is the very low 
prevalence of disease (0.5%), which, even with a highly dis-
criminatory screening test, results in a huge number of false-
positive tests for every true-positive result.26 In our validation 
cohort, the optimal model (based on cystatin C/PlGF, mean 
arterial blood pressure, and mean uterine artery resistance 
index) for early-onset preeclampsia detected 44% of cases, 
at 95% specificity, with positive likelihood ratio of 8.9. For 

Table 5. Screening Test Characteristics, at 95% Specificity, for Preeclampsia and Term, Preterm, and Early-
Onset Preeclampsia of the Multivariable Models Based on Biomarkers, Clinical Risk Factors, and Ultrasound 
Scan

Clinical Group Pretest Prevalence Sensitivity Positive Predictive Value Negative Predictive Value Positive Likelihood Ratio

Preeclampsia 4.9%

  Training 22 (17–29) 20 (15–26) 96 (95–96) 4.5

  Validation 17 (10–27) 13 (8–21) 96 (95–97) 3.3

Term preeclampsia 3.7%

  Training 19 (13–26) 14 (10–20) 96 (96–97) 3.8

  Validation 6 (2–16) 3 (1–9) 97 (96–98) 1.1

Preterm preeclampsia 1.2%

  Training 41 (28–57) 9 (6–14) 99 (99–100) 8.3

  Validation 42 (24–61) 10 (5–17) 99 (99–99) 7.9

Early-onset preeclampsia 0.5%

  Training 67 (41–85) 5 (3–10) 100 (100–100) 13.4

  Validation 44 (19–74) 4 (2–11) 100 (99–100) 8.9

Models on which screening performance was calculated: preeclampsia: −12.200−0.655 high fruit intake+0.054 body mass index 
(BMI)+0.065 mean arterial blood pressure (MAP)+2.569 mean uterine artery resistance index (RI)−0.311 placental growth factor 
(PlGF); term preeclampsia: −9.504−0.577 high fruit intake+0.058 MAP+0.058 BMI+0.550 tissue inhibitor of metalloproteinase 1; 
preterm preeclampsia: −14.164+0.075 MAP+6.1782 mean uterine artery RI+0.649 interleukin-1 receptor antagonist/PlGF; early-onset 
preeclampsia: −34.347+0.109 MAP+7.679 mean uterine artery RI+1.232 cystatin C/PlGF.
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every true-positive test result, there would be 23 false-positive 
screening tests. Extrapolating our data to screening a nullipa-
rous population of 10 000 women, 519 (5%) women would 
screen positive for being at risk of early-onset preeclampsia. 
If treatment of low-dose aspirin prevented 25% of early-onset 
preeclampsia cases, the number needed to screen and then 
treat to prevent 1 case would be 1818 and 95 women, respec-
tively. It is likely that improved performance of screening 
healthy nulliparous women for early-onset preeclampsia will 
be achieved only either by the discovery of novel, highly dis-
criminatory biomarkers, possibly the incorporation of serial 
change in biomarkers,24 or by extremely large studies that 
are powered to enable local modeling for specific subgroups 
of women, such as the obese or those with a positive family 
history.

Term preeclampsia is often considered to be a maternal 
syndrome with evidence of placental dysfunction only in 
the minority of cases.1,28 Given the poor prediction of term 
preeclampsia in the SCOPE study, it is likely that the early 
pregnancy prediction of term disease may remain elusive 
as the most robust biomarkers reflect placental dysfunction. 
Alternatively, it is possible that early pregnancy screening 
for term preeclampsia may be improved by the inclusion of 
biomarkers that better reflect underlying cardiovascular and 
metabolic susceptibility to the disorder. While C-reactive 
protein (a biomarker that has been previously reported to be 
associated with cardiovascular risk in women),29 leptin, and 
leptin receptor were significantly different at 14 to 16 weeks 
in women who developed term preeclampsia compared with 
those who did not (Table S2), none was included in the multi-
variable model. Inclusion of other cardiovascular biomarkers 
such as lipids, fatty acids,30 and the recently identified glyco-
gen phosphorylase isoenzyme BB31 may improve prediction 
of term disease. The immunoassay platforms used to mea-
sure the biomarkers in this study precluded inclusion of lip-
ids. Again local prediction models for specific at-risk groups, 
such as obese women, might also improve prediction of term 
preeclampsia.

Arguably, the clinical need for an effective screening test 
is greatest for term disease. Although preterm preeclampsia 
results in the most severe fetal morbidity, term preeclampsia 
comprises the majority of women with preeclampsia (75% of 
preeclampsia cases in the SCOPE study). A review of cases 
of severe preeclampsia in 16 maternity units in the United 
Kingdom demonstrated that one third of neonatal deaths were 
of infants born at term32 and analysis of data from Canada 
demonstrated that two thirds of cases of eclamptic seizures 
occurred at term.33 A recent meta-analysis showed that the ini-
tiation of low-dose aspirin prophylaxis at or before 16 weeks’ 
gestation did not reduce the rate of term preeclampsia.34 Given 
that term preeclampsia can be managed by expedient deliv-
ery after 37 weeks, an alternative strategy is identification of 
those at risk of late-onset preeclampsia in the third trimester. 
While screening for early-onset preeclampsia needs to be per-
formed in early pregnancy to offer intervention with low-dose 
aspirin, second-stage screening at 32 to 34 weeks of gestation 
would enable increased surveillance of women at high risk of 
late-onset preeclampsia and timely delivery to prevent major 
maternal or fetal morbidity. This pyramid approach advocated 

by Smith35 may have some immediate benefits on clinical 
care. Later screening and elective delivery of those at high 
risk at 37 weeks may alleviate the significant maternal and 
fetal morbidity burden of term disease.

This study has numerous strengths. SCOPE is a prospec-
tive, international cohort of low-risk nulliparous women with 
predefined aims. The biobank was collected and is curated 
according to rigorous standardized protocols and is accom-
panied by detailed and pristine phenotyping. Moreover, this 
was a large cohort study of 5623 women. Other investigators 
have reported models for the prediction of preeclampsia with 
better performance than those reported here. Many of the 
reported models have been generated by smaller case–control 
studies, in which the control population comprises women 
with entirely uncomplicated pregnancy outcomes. The results 
of such studies are misleading and introduce bias with over-
estimation of screening performance.36 In general, there is a 
tendency for biomarkers which show promise in case–control 
studies to subsequently demonstrate little or no predictive util-
ity in cohort studies, where the noise of other adverse out-
comes reduces their performance. Discrepancies have been 
reported in the literature for many biomarkers, such as vas-
cular endothelial growth factor receptor 1 (soluble fms-like 
tyrosine kinase-1), initially proposed as a significant predictor 
in the first trimester of later preeclampsia in case–control stud-
ies,37–39 which was not confirmed in cohort studies.24,40

The SCOPE cohort consists of entirely low-risk nullipa-
rous women, as the majority of cases of preeclampsia occur 
in this population. Furthermore, and by definition, low-risk 
nulliparous women do not have some of the strongest clinical 
risk factors for the development of preeclampsia (a history of 
previous early-onset preeclampsia or preexisting medical con-
ditions). Models with apparently better performance than that 
reported here (for examples see Poon et al,11 Akolekar et al,26 
and Poon et al41) have been generated in heterogeneous popu-
lations consisting of both nulliparous and multiparous women, 
often with pre-existing risk factors. There are inherent flaws 
with the generating models in such heterogenetic populations 
(compared with the SCOPE population) as the models gener-
ated within them, particularly those containing clinical risk 
factors, will not attain the ascribed performance in low-risk 
nulliparous women. Models derived from studies of high-risk 
women can and should be applied to high-risk populations. 
However, other studies in nulliparous populations report 
screening characteristics similar to our findings.24,42

There are some limitations to this study. More than 90% 
of women in SCOPE are white, and this limits the applica-
bility of this study to other ethnic groups. The low incidence 
of the more uncommon subgroups of preeclampsia (such as 
early-onset preeclampsia) inevitably means that the models 
presented here may be overfit to the data. Biomarkers avail-
able in the multivariable modeling process were selected on 
the basis of univariate significance in the training cohort, and 
the low incidence meant that there was a low ratio of cases 
per biomarker available for model construction. We used the 
more stringent Bayesian Information Criterion stopping cri-
teria to reduce overfitting in the training data, and as a result, 
the subsequent performance of the models in the indepen-
dent validation cohort should provide a realistic reflection 
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biobanked specimens and integrity of the data. We present a 
series of models combining biomarkers and clinical and ultra-
sound data that predict risk of preeclampsia and its different 
subphenotypes in this large, international pregnancy cohort 
of low-risk nulliparous women. The optimal model for the 
prediction of preeclampsia gives, at best, modest prediction, 
and does not perform at a level that would be acceptable for 
introduction into clinical practice. We have previously per-
formed a detailed, state-of-the-art analysis of clinical risk fac-
tors in this cohort9 and developed a model combining novel 
clinical risk factors with modest performance (AUC of 0.71). 
Our expectation was that early pregnancy prediction of pre-
eclampsia would be improved by the addition of biomarkers. 
Despite numerous previous studies supporting the selection 
of the majority of biomarkers included in this investigation, 
none, nor any combination, significantly improved the per-
formance of the clinical risk model (AUC of 0.73 and 0.68 
in the training and validation data sets, respectively, for the 
prediction of all types of preeclampsia). The early pregnancy 
prediction of preterm, and particularly early-onset preeclamp-
sia, is improved by combinations of biomarkers with clinical 
risk factors at 14 to 16 weeks and uterine artery Doppler ultra-
sound (performed at 19–21 weeks).

These analyses provide interesting insights into possible 
biological determinants of the different disease phenotypes. 
A biomarker common to models for all preeclampsia, pre-
term and early-onset preeclampsia is PlGF. PlGF, a member 
of the vascular endothelial growth factor family, is an angio-
genic, proinflammatory factor produced by trophoblast cells, 
and has a central role in the regulation of vascular endothe-
lial growth factor–dependent angiogenesis.20 PlGF circulates 
free or in complexes with soluble fms-like tyrosine kinase-1 
(vascular endothelial growth factor receptor 1). The mechanis-
tic role of PlGF in the pathogenesis of preeclampsia was first 
described by Zhou et al21 in 2002, and evidence soon emerged 

that PlGF showed potential for early prediction of preeclamp-
sia.14,22,23 However, the clinical utility of PlGF in screening for 
preeclampsia seems confined to early-onset disease.24–26 In line 
with this, the screening performance of models presented here 
indicates that reduced plasma PlGF is more strongly associ-
ated with early-onset preeclampsia. Central to the pathogen-
esis of early-onset preeclampsia is defective early placentation 
with impaired trophoblast invasion and restricted remodeling 
of the spiral arteries resulting in reduced uteroplacental per-
fusion. Consistent with this, the other biomarkers associated 
with early-onset preeclampsia in our study, specifically angio-
genin and endoglin, are also placentally derived and involved 
in angiogenesis, a process fundamental to the development of 
the fetal side of the placenta. Reduced PlGF, increased angio-
genin, and increased endoglin have been previously implicated 
in preeclampsia by many investigators.20,27 In contrast to oth-
ers,26 another placental protein, pregnancy-associated plasma 
protein A, did not add predictive value to our models for early-
onset preeclampsia. Overall, our findings add support to the 
concept that early-onset preeclampsia is a more homogeneous 
disorder, associated with abnormal placentation, that can from 
early pregnancy be predicted, to a degree, through altered lev-
els of specific plasma proteins involved in angiogenesis. It is 
also entirely possible that some biomarkers perform better sim-
ply when they are measured closer to the onset of disease and 
therefore by definition, early-onset disease is more predictable.

The challenge involved in applying such models to clini-
cal screening for early-onset preeclampsia is the very low 
prevalence of disease (0.5%), which, even with a highly dis-
criminatory screening test, results in a huge number of false-
positive tests for every true-positive result.26 In our validation 
cohort, the optimal model (based on cystatin C/PlGF, mean 
arterial blood pressure, and mean uterine artery resistance 
index) for early-onset preeclampsia detected 44% of cases, 
at 95% specificity, with positive likelihood ratio of 8.9. For 

Table 5. Screening Test Characteristics, at 95% Specificity, for Preeclampsia and Term, Preterm, and Early-
Onset Preeclampsia of the Multivariable Models Based on Biomarkers, Clinical Risk Factors, and Ultrasound 
Scan

Clinical Group Pretest Prevalence Sensitivity Positive Predictive Value Negative Predictive Value Positive Likelihood Ratio

Preeclampsia 4.9%

  Training 22 (17–29) 20 (15–26) 96 (95–96) 4.5

  Validation 17 (10–27) 13 (8–21) 96 (95–97) 3.3

Term preeclampsia 3.7%

  Training 19 (13–26) 14 (10–20) 96 (96–97) 3.8

  Validation 6 (2–16) 3 (1–9) 97 (96–98) 1.1

Preterm preeclampsia 1.2%

  Training 41 (28–57) 9 (6–14) 99 (99–100) 8.3

  Validation 42 (24–61) 10 (5–17) 99 (99–99) 7.9

Early-onset preeclampsia 0.5%

  Training 67 (41–85) 5 (3–10) 100 (100–100) 13.4

  Validation 44 (19–74) 4 (2–11) 100 (99–100) 8.9

Models on which screening performance was calculated: preeclampsia: −12.200−0.655 high fruit intake+0.054 body mass index 
(BMI)+0.065 mean arterial blood pressure (MAP)+2.569 mean uterine artery resistance index (RI)−0.311 placental growth factor 
(PlGF); term preeclampsia: −9.504−0.577 high fruit intake+0.058 MAP+0.058 BMI+0.550 tissue inhibitor of metalloproteinase 1; 
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preeclampsia: −34.347+0.109 MAP+7.679 mean uterine artery RI+1.232 cystatin C/PlGF.



Validité externe

Ø Etude de validité externe des modèles existants
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tardives
Ø Etude de 6 algorithmes de PE précoce et 2 de PE tardive
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ABSTRACT

Objective To compare the performance of screening for
pre-eclampsia (PE) based on risk factors from medical
history, as recommended by NICE and ACOG, with
the method proposed by The Fetal Medicine Foundation
(FMF), which uses Bayes’ theorem to combine the a-priori
risk from maternal factors, derived by a multivariable
logistic model, with the results of various combinations
of biophysical and biochemical measurements.

Methods This was a prospective multicenter study of
screening for PE in 8775 singleton pregnancies at
11–13 weeks’ gestation. A previously published FMF
algorithm was used for the calculation of patient-specific
risk of PE in each individual. The detection rates (DRs)
and false-positive rates (FPRs) for delivery with PE
< 32, < 37 and ≥ 37 weeks were estimated and compared
with those derived from application of NICE guidelines
and ACOG recommendations. According to NICE, all
high-risk pregnancies should be offered low-dose aspirin.
According to ACOG, use of aspirin should be reserved
for women with a history of PE in at least two
previous pregnancies or PE requiring delivery < 34 weeks’
gestation.

Results In the study population, 239 (2.7%) cases
developed PE, of which 17 (0.2%), 59 (0.7%) and
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180 (2.1%) developed PE < 32, < 37 and ≥ 37 weeks,
respectively. Screening with use of the FMF algorithm
based on a combination of maternal factors, mean arterial
pressure (MAP), uterine artery pulsatility index (UtA-PI)
and serum placental growth factor (PlGF) detected 100%
(95% CI, 80–100%) of PE < 32 weeks, 75% (95% CI,
62–85%) of PE < 37 weeks and 43% (95% CI, 35–50%)
of PE ≥ 37 weeks, at a 10.0% FPR. Screening with use of
NICE guidelines detected 41% (95% CI, 18–67%) of PE
< 32 weeks, 39% (95% CI, 27–53%) of PE < 37 weeks
and 34% (95% CI, 27–41%) of PE ≥ 37 weeks, at 10.2%
FPR. Screening with use of ACOG recommendations
detected 94% (95% CI, 71–100%) of PE < 32 weeks,
90% (95% CI, 79–96%) of PE < 37 weeks and 89%
(95% CI, 84–94%) of PE ≥ 37 weeks, at 64.2% FPR.
Screening based on the ACOG recommendations for
use of aspirin detected 6% (95% CI, 1–27%) of PE
< 32 weeks, 5% (95% CI, 2–14%) of PE < 37 weeks
and 2% (95% CI, 0.3–5%) of PE ≥ 37 weeks, at 0.2%
FPR.

Conclusion Performance of screening for PE at
11–13 weeks’ gestation by the FMF algorithm using a
combination of maternal factors, MAP, UtA-PI and PlGF,
is by far superior to the methods recommended by NICE
and ACOG. Copyright © 2017 ISUOG. Published by
John Wiley & Sons Ltd.
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DR (%) 
PE<32 SA

DR (%) 
PE<37 SA

DR (%) 
PE>37 SA

FMF (FPR 10%) 100 (80 – 100) 80 (67 - 89) 43 (35 – 50)

NICE (FPR 10%) 41 (18-67) 39 (27 – 52) 34 (27 – 41)

ACOG (FPR 
60%)

94 (71-100) 90 (79 – 96) 89 (84 – 94)

ACOG  Aspirine 
(FPR 0,2%)

6 (1-27) 5 (2 – 14) 2 (0,3 – 5)
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no pregnancy terminations for severe fetal growth 
restriction and preeclampsia at 24 weeks of ges-
tation, 12 stillbirths at or after 24 weeks of 
gestation, 2 neonatal deaths within 28 days after 
birth, and 792 live births of infants who survived 
to discharge from the hospital.

Primary Outcome
Preterm preeclampsia occurred in 13 of 798 par-
ticipants (1.6%) in the aspirin group, as compared 
with 35 of 822 (4.3%) in the placebo group (ad-
justed odds ratio in the aspirin group, 0.38; 95% 
confidence interval, 0.20 to 0.74; P = 0.004) (Ta-
ble 2). The size of the treatment effect was con-

sistent across estimated risk groups at the time 
of screening, across groups defined according to 
obstetrical history, and across countries of the 
participating centers (Figs. S1 and S2 in the Sup-
plementary Appendix). The cumulative percent-
ages of participants who had delivery with pre-
eclampsia are shown in Figure 2.

Of the 152 women who withdrew consent, 74 
did not want any of their data to be reported and 
78 allowed reporting of their screening data; the 
baseline characteristics of the women who with-
drew consent were similar between those as-
signed to receive aspirin and those assigned to 
receive placebo (Table S2 in the Supplementary 

Figure 1. Screening, Randomization, and Follow-up.

1776 Underwent randomization

2971 (11.0%) Were at high risk for preterm
preeclampsia

26,941 Women were screened for preterm
preeclampsia

332 Were excluded
253 Were receiving aspirin

47 Had hypersensitivity to aspirin
17 Had peptic ulcer or bleeding disorder
10 Participated in another drug trial

2 Had miscarriage before randomization
3 Had termination of pregnancy

before randomization

865 Declined to participate

878 Were assigned to receive aspirin 898 Were assigned to receive placebo

78 Withdrew consent
2 Were lost to follow-up

74 Withdrew consent
2  Were lost to follow-up

2641 Were eligible for inclusion

798 Were included in the primary analysis 822 Were included in the primary analysis
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Appendix). A sensitivity analysis to evaluate the 
effect of the withdrawals22 showed no substan-
tive difference from the primary analysis (Fig. S3 
in the Supplementary Appendix).

Secondary Outcomes
The treatment effect for secondary outcomes, 
quantified as the odds ratio in the aspirin group 
with a 99% confidence interval, is shown in 
Tables 2 and 3, and in Figures S4 and S5 in the 

Supplementary Appendix. There was no signifi-
cant between-group difference in the incidence 
of any secondary outcomes, but the trial was not 
powered for these outcomes.

Adverse Events
In the aspirin group, at least one serious adverse 
event occurred in 13 participants (1.6%) and at 
least one adverse event occurred in 207 partici-
pants (25.9%); in the placebo group, at least one 

Outcome
Aspirin Group 

(N = 798)
Placebo Group 

(N = 822)
Odds Ratio 

(95% or 99% CI)*

Primary outcome: preterm preeclampsia at <37 wk of 
gestation — no. (%)

13 (1.6) 35 (4.3) 0.38 (0.20–0.74)

Secondary outcomes according to gestational age

Adverse outcomes at <34 wk of gestation

Any — no. (%) 32 (4.0) 53 (6.4) 0.62 (0.34–1.14)

Preeclampsia — no. (%) 3 (0.4) 15 (1.8) 0.18 (0.03–1.03)

Gestational hypertension — no. (%) 2 (0.3) 2 (0.2) 1.02 (0.08–13.49)

Small-for-gestational-age status without  
preeclampsia — no./total no. (%)†

7/785 (0.9) 14/807 (1.7) 0.53 (0.16–1.77)

Miscarriage or stillbirth without preeclampsia 
— no. (%)

14 (1.8) 19 (2.3) 0.78 (0.31–1.95)

Abruption without preeclampsia — no. (%) 1 (0.1) 3 (0.4) 0.36 (0.02–7.14)

Spontaneous delivery without preeclampsia  
— no. (%)

12 (1.5) 12 (1.5) 1.07 (0.37–3.10)

Adverse outcomes at <37 wk of gestation

Any — no. (%) 79 (9.9) 116 (14.1) 0.69 (0.46–1.03)

Gestational hypertension — no. (%) 8 (1.0) 7 (0.9) 1.19 (0.31–4.56)

Small-for-gestational-age status without  
preeclampsia — no./total no. (%)†

17/785 (2.2) 18/807 (2.2) 1.01 (0.42–2.46)

Miscarriage or stillbirth without preeclampsia 
— no. (%)

14 (1.8) 19 (2.3) 0.78 (0.31–1.95)

Abruption without preeclampsia — no. (%) 2 (0.3) 4 (0.5) 0.52 (0.06–4.91)

Spontaneous delivery without preeclampsia  
— no. (%)

40 (5.0) 49 (6.0) 0.83 (0.47–1.47)

Adverse outcomes at ≥37 wk of gestation

Any — no. (%) 178 (22.3) 171 (20.8) 1.12 (0.82–1.54)

Preeclampsia — no. (%) 53 (6.6) 59 (7.2) 0.95 (0.57–1.57)

Gestational hypertension — no. (%) 72 (9.0) 62 (7.5) 1.24 (0.78–1.98)

Small-for-gestational-age status without  
preeclampsia — no./total no. (%)†

54/785 (6.9) 56/807 (6.9) 1.00 (0.60–1.66)

Stillbirth without preeclampsia — no. (%) 2 (0.3) 2 (0.2) 1.01 (0.08–13.40)

Abruption without preeclampsia — no. (%) 2 (0.3) 2 (0.2) 1.05 (0.08–13.92)

*  The confidence interval was 95% for the primary outcome and 99% for the secondary outcomes.
†  The status of being small for gestational age was defined as a birth weight below the 5th percentile. The birth weight 

for neonates delivered before 24 weeks of gestation was not recorded.

Table 2. Outcomes According to Trial Group.
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Appendix). A sensitivity analysis to evaluate the 
effect of the withdrawals22 showed no substan-
tive difference from the primary analysis (Fig. S3 
in the Supplementary Appendix).

Secondary Outcomes
The treatment effect for secondary outcomes, 
quantified as the odds ratio in the aspirin group 
with a 99% confidence interval, is shown in 
Tables 2 and 3, and in Figures S4 and S5 in the 

Supplementary Appendix. There was no signifi-
cant between-group difference in the incidence 
of any secondary outcomes, but the trial was not 
powered for these outcomes.

Adverse Events
In the aspirin group, at least one serious adverse 
event occurred in 13 participants (1.6%) and at 
least one adverse event occurred in 207 partici-
pants (25.9%); in the placebo group, at least one 
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Placebo Group 
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Odds Ratio 
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Adverse outcomes at <37 wk of gestation

Any — no. (%) 79 (9.9) 116 (14.1) 0.69 (0.46–1.03)
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Small-for-gestational-age status without  
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17/785 (2.2) 18/807 (2.2) 1.01 (0.42–2.46)

Miscarriage or stillbirth without preeclampsia 
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14 (1.8) 19 (2.3) 0.78 (0.31–1.95)

Abruption without preeclampsia — no. (%) 2 (0.3) 4 (0.5) 0.52 (0.06–4.91)

Spontaneous delivery without preeclampsia  
— no. (%)

40 (5.0) 49 (6.0) 0.83 (0.47–1.47)

Adverse outcomes at ≥37 wk of gestation

Any — no. (%) 178 (22.3) 171 (20.8) 1.12 (0.82–1.54)

Preeclampsia — no. (%) 53 (6.6) 59 (7.2) 0.95 (0.57–1.57)

Gestational hypertension — no. (%) 72 (9.0) 62 (7.5) 1.24 (0.78–1.98)

Small-for-gestational-age status without  
preeclampsia — no./total no. (%)†

54/785 (6.9) 56/807 (6.9) 1.00 (0.60–1.66)

Stillbirth without preeclampsia — no. (%) 2 (0.3) 2 (0.2) 1.01 (0.08–13.40)

Abruption without preeclampsia — no. (%) 2 (0.3) 2 (0.2) 1.05 (0.08–13.92)

*  The confidence interval was 95% for the primary outcome and 99% for the secondary outcomes.
†  The status of being small for gestational age was defined as a birth weight below the 5th percentile. The birth weight 

for neonates delivered before 24 weeks of gestation was not recorded.

Table 2. Outcomes According to Trial Group.

The New England Journal of Medicine 
Downloaded from nejm.org at ASSISTANCE PUBLIQUE HOPITAUX PARIS on June 28, 2017. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 

n engl j med   nejm.org 7

Aspirin vs. Placebo for Preterm Preeclampsia

Appendix). A sensitivity analysis to evaluate the 
effect of the withdrawals22 showed no substan-
tive difference from the primary analysis (Fig. S3 
in the Supplementary Appendix).

Secondary Outcomes
The treatment effect for secondary outcomes, 
quantified as the odds ratio in the aspirin group 
with a 99% confidence interval, is shown in 
Tables 2 and 3, and in Figures S4 and S5 in the 

Supplementary Appendix. There was no signifi-
cant between-group difference in the incidence 
of any secondary outcomes, but the trial was not 
powered for these outcomes.
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In the aspirin group, at least one serious adverse 
event occurred in 13 participants (1.6%) and at 
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— no. (%)
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Any — no. (%) 178 (22.3) 171 (20.8) 1.12 (0.82–1.54)
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Appendix). A sensitivity analysis to evaluate the 
effect of the withdrawals22 showed no substan-
tive difference from the primary analysis (Fig. S3 
in the Supplementary Appendix).

Secondary Outcomes
The treatment effect for secondary outcomes, 
quantified as the odds ratio in the aspirin group 
with a 99% confidence interval, is shown in 
Tables 2 and 3, and in Figures S4 and S5 in the 

Supplementary Appendix. There was no signifi-
cant between-group difference in the incidence 
of any secondary outcomes, but the trial was not 
powered for these outcomes.
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In the aspirin group, at least one serious adverse 
event occurred in 13 participants (1.6%) and at 
least one adverse event occurred in 207 partici-
pants (25.9%); in the placebo group, at least one 

Outcome
Aspirin Group 

(N = 798)
Placebo Group 

(N = 822)
Odds Ratio 

(95% or 99% CI)*

Primary outcome: preterm preeclampsia at <37 wk of 
gestation — no. (%)

13 (1.6) 35 (4.3) 0.38 (0.20–0.74)

Secondary outcomes according to gestational age

Adverse outcomes at <34 wk of gestation

Any — no. (%) 32 (4.0) 53 (6.4) 0.62 (0.34–1.14)

Preeclampsia — no. (%) 3 (0.4) 15 (1.8) 0.18 (0.03–1.03)

Gestational hypertension — no. (%) 2 (0.3) 2 (0.2) 1.02 (0.08–13.49)

Small-for-gestational-age status without  
preeclampsia — no./total no. (%)†

7/785 (0.9) 14/807 (1.7) 0.53 (0.16–1.77)

Miscarriage or stillbirth without preeclampsia 
— no. (%)

14 (1.8) 19 (2.3) 0.78 (0.31–1.95)

Abruption without preeclampsia — no. (%) 1 (0.1) 3 (0.4) 0.36 (0.02–7.14)

Spontaneous delivery without preeclampsia  
— no. (%)

12 (1.5) 12 (1.5) 1.07 (0.37–3.10)

Adverse outcomes at <37 wk of gestation

Any — no. (%) 79 (9.9) 116 (14.1) 0.69 (0.46–1.03)

Gestational hypertension — no. (%) 8 (1.0) 7 (0.9) 1.19 (0.31–4.56)

Small-for-gestational-age status without  
preeclampsia — no./total no. (%)†

17/785 (2.2) 18/807 (2.2) 1.01 (0.42–2.46)

Miscarriage or stillbirth without preeclampsia 
— no. (%)

14 (1.8) 19 (2.3) 0.78 (0.31–1.95)

Abruption without preeclampsia — no. (%) 2 (0.3) 4 (0.5) 0.52 (0.06–4.91)

Spontaneous delivery without preeclampsia  
— no. (%)

40 (5.0) 49 (6.0) 0.83 (0.47–1.47)

Adverse outcomes at ≥37 wk of gestation

Any — no. (%) 178 (22.3) 171 (20.8) 1.12 (0.82–1.54)

Preeclampsia — no. (%) 53 (6.6) 59 (7.2) 0.95 (0.57–1.57)

Gestational hypertension — no. (%) 72 (9.0) 62 (7.5) 1.24 (0.78–1.98)

Small-for-gestational-age status without  
preeclampsia — no./total no. (%)†

54/785 (6.9) 56/807 (6.9) 1.00 (0.60–1.66)

Stillbirth without preeclampsia — no. (%) 2 (0.3) 2 (0.2) 1.01 (0.08–13.40)

Abruption without preeclampsia — no. (%) 2 (0.3) 2 (0.2) 1.05 (0.08–13.92)

*  The confidence interval was 95% for the primary outcome and 99% for the secondary outcomes.
†  The status of being small for gestational age was defined as a birth weight below the 5th percentile. The birth weight 

for neonates delivered before 24 weeks of gestation was not recorded.
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Appendix). A sensitivity analysis to evaluate the 
effect of the withdrawals22 showed no substan-
tive difference from the primary analysis (Fig. S3 
in the Supplementary Appendix).
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Supplementary Appendix. There was no signifi-
cant between-group difference in the incidence 
of any secondary outcomes, but the trial was not 
powered for these outcomes.

Adverse Events
In the aspirin group, at least one serious adverse 
event occurred in 13 participants (1.6%) and at 
least one adverse event occurred in 207 partici-
pants (25.9%); in the placebo group, at least one 
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(95% or 99% CI)*
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13 (1.6) 35 (4.3) 0.38 (0.20–0.74)
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Adverse outcomes at <34 wk of gestation

Any — no. (%) 32 (4.0) 53 (6.4) 0.62 (0.34–1.14)

Preeclampsia — no. (%) 3 (0.4) 15 (1.8) 0.18 (0.03–1.03)

Gestational hypertension — no. (%) 2 (0.3) 2 (0.2) 1.02 (0.08–13.49)

Small-for-gestational-age status without  
preeclampsia — no./total no. (%)†

7/785 (0.9) 14/807 (1.7) 0.53 (0.16–1.77)

Miscarriage or stillbirth without preeclampsia 
— no. (%)

14 (1.8) 19 (2.3) 0.78 (0.31–1.95)

Abruption without preeclampsia — no. (%) 1 (0.1) 3 (0.4) 0.36 (0.02–7.14)

Spontaneous delivery without preeclampsia  
— no. (%)

12 (1.5) 12 (1.5) 1.07 (0.37–3.10)

Adverse outcomes at <37 wk of gestation

Any — no. (%) 79 (9.9) 116 (14.1) 0.69 (0.46–1.03)

Gestational hypertension — no. (%) 8 (1.0) 7 (0.9) 1.19 (0.31–4.56)

Small-for-gestational-age status without  
preeclampsia — no./total no. (%)†

17/785 (2.2) 18/807 (2.2) 1.01 (0.42–2.46)

Miscarriage or stillbirth without preeclampsia 
— no. (%)

14 (1.8) 19 (2.3) 0.78 (0.31–1.95)

Abruption without preeclampsia — no. (%) 2 (0.3) 4 (0.5) 0.52 (0.06–4.91)

Spontaneous delivery without preeclampsia  
— no. (%)

40 (5.0) 49 (6.0) 0.83 (0.47–1.47)

Adverse outcomes at ≥37 wk of gestation

Any — no. (%) 178 (22.3) 171 (20.8) 1.12 (0.82–1.54)

Preeclampsia — no. (%) 53 (6.6) 59 (7.2) 0.95 (0.57–1.57)

Gestational hypertension — no. (%) 72 (9.0) 62 (7.5) 1.24 (0.78–1.98)

Small-for-gestational-age status without  
preeclampsia — no./total no. (%)†

54/785 (6.9) 56/807 (6.9) 1.00 (0.60–1.66)

Stillbirth without preeclampsia — no. (%) 2 (0.3) 2 (0.2) 1.01 (0.08–13.40)

Abruption without preeclampsia — no. (%) 2 (0.3) 2 (0.2) 1.05 (0.08–13.92)

*  The confidence interval was 95% for the primary outcome and 99% for the secondary outcomes.
†  The status of being small for gestational age was defined as a birth weight below the 5th percentile. The birth weight 

for neonates delivered before 24 weeks of gestation was not recorded.
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serious adverse event occurred in 26 participants 
(3.2%) and at least one adverse event occurred in 
210 participants (25.5%). There was no significant 
between-group difference in the incidence of 
these events (Tables S3 and S4 in the Supple-
mentary Appendix).

 Adherence
Adherence was good in 1294 of 1620 partici-
pants (79.9%), moderate in 241 (14.9%), and poor 
in 85 (5.2%). There were no significant between-
group differences in the degree of adherence 
(Table S5 in the Supplementary Appendix). A 
sensitivity analysis that took into account adher-
ence to the assigned regimen is shown in Figure 
S6 in the Supplementary Appendix.

 Discussion

In this multicenter, randomized, placebo-con-
trolled trial involving women with singleton preg-
nancies who were identified by means of first-
trimester screening as being at high risk for 
preterm preeclampsia, the administration of 

aspirin at a dose of 150 mg per day from 11 to 
14 weeks of gestation until 36 weeks of gesta-
tion was associated with a significantly lower 
incidence of preterm preeclampsia than was 
placebo. There was no significant between-
group difference in the incidence of other preg-
nancy complications or of adverse fetal or 
neonatal outcomes. However, the trial was not 
adequately powered for the secondary outcomes.

Unlike previous trials of strategies to reduce 
the risk of preeclampsia among high-risk women, 
we identified women at high risk for preterm pre-
eclampsia by means of combined screening with 
maternal demographic characteristics and his-
torical factors and biomarkers — a strategy that 
has been shown to be superior to other cur-
rently used methods.11,13,14,23 Decisions regarding 
the gestational-age range at the onset of treat-
ment (11 to 14 weeks of gestation) and the pri-
mary outcome measure (preterm preeclampsia 
rather than total preeclampsia) were informed 
by the results of meta-analyses suggesting that 
aspirin confers greater benefit if it is started at 
or before 16 weeks of gestation and that preven-
tion is confined to preterm preeclampsia.8,9,24

The dose of 150 mg of aspirin per day was se-
lected on the basis of previous evidence of a 
dose-dependent benefit to therapy10; in addition, 
the commonly used dose of 81 mg of aspirin per 
day has no appreciable effect on platelet func-
tion in up to one third of pregnant women.25 The 
recommendation that participants take aspirin 
at night, rather than during the day, was based 
on the observation from a randomized trial that 
treatment at this time may be superior in reduc-
ing the rate of preeclampsia.26 The incidence of 
preterm preeclampsia in the placebo group was 
lower than what was anticipated (4.3%, vs. the 
expected value of 7.6%), and this finding is likely 
to be the consequence of differences between 
the demographic characteristics of the screened 
population and those of the population that was 
used for the development of the algorithm.

Screening at 11 to 13 weeks of gestation has 
been shown to identify less than 40% of cases of 
term preeclampsia.15 In our trial, aspirin did not 
reduce the incidence of term preeclampsia.

In conclusion, this randomized trial showed 
that among women with singleton pregnancies 
who were identified by means of first-trimester 
screening as being at high risk for preterm pre-

Figure 2. Kaplan–Meier Plot of Cumulative Percentage of Participants Who 
Delivered with Preeclampsia.

The gray box highlights the rate of preeclampsia before 37 weeks of gestation. 
The inset shows the same data on an enlarged y axis.
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eclampsia, the administration of aspirin at a dose 
of 150 mg per day from 11 to 14 weeks of gesta-
tion until 36 weeks of gestation resulted in a 
significantly lower incidence of preterm pre-
eclampsia than that with placebo.
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Outcome
Aspirin Group 

(N = 798)
Placebo Group 

(N = 822) Odds Ratio (99% CI)

Stillbirth or death — no. (%)

All stillbirths or deaths 8 (1.0) 14 (1.7) 0.59 (0.19–1.85)

With preeclampsia or status of being small for  
gestational age

5 (0.6) 8 (1.0) 0.65 (0.15–2.90)

Without preeclampsia or status of being small for  
gestational age

3 (0.4) 6 (0.7) 0.51 (0.08–3.19)

With placental abruption or bleeding 0 2 (0.2) 0.00 (0.00–∞)

Without placental abruption or bleeding 8 (1.0) 12 (1.5) 0.69 (0.21–2.28)

Death or complications — no. (%)

Any 32 (4.0) 48 (5.8) 0.69 (0.37–1.27)

Miscarriage, stillbirth, or death 19 (2.4) 26 (3.2) 0.76 (0.35–1.68)

Intraventricular hemorrhage of grade ≥II 2 (0.3) 1 (0.1) 2.23 (0.09–52.70)

Sepsis with confirmed bacteremia in cultures 3 (0.4) 6 (0.7) 0.52 (0.08–3.32)

Anemia resulting in blood transfusion 5 (0.6) 11 (1.3) 0.47 (0.11–1.92)

Respiratory distress syndrome treated with surfactant  
and ventilation

11 (1.4) 22 (2.7) 0.53 (0.20–1.40)

Necrotizing enterocolitis resulting in surgery 2 (0.3) 1 (0.1) 2.10 (0.09–49.54)

Therapy — no. (%)

Any 55 (6.9) 60 (7.3) 0.97 (0.58–1.60)

Admission to intensive care unit 48 (6.0) 54 (6.6) 0.93 (0.55–1.59)

Ventilation with positive airway pressure or intubation 37 (4.6) 46 (5.6) 0.85 (0.47–1.52)

Low birth weight — no./total no. (%)*

<3rd percentile 57/785 (7.3) 63/807 (7.8) 0.92 (0.57–1.51)

<5th percentile 82/785 (10.4) 96/807 (11.9) 0.86 (0.57–1.30)

<10th percentile 148/785 (18.9) 187/807 (23.2) 0.77 (0.56–1.06)

*  The birth weight for neonates who were delivered before 24 weeks was not recorded.

Table 3. Neonatal Outcomes According to Trial Group.
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Les prochaines étapes 
• Evaluation médico-économique de 

l’implémentation d’un dépistage de la PE
• Comparaison des différentes approches de 

dépistage en interventionnel
• Problématique de la dose d’aspirine
• Evaluer l’innocuité sur une large population de la 

prescription de 150 mg/j d’aspirine



Etude SPRE

• Prospective multicenter cohort study carried out in 
seven NHS maternity hospitals in England. 

• The aim of this study is to compare screening for 
pre-eclampsia (PE) using a Bayes theorem based
method with screening using current NICE 
guidelines. 

• Maternal characteristics and history, and the 
measurements of MAP, uterine artery PI, serum
PAPP-A and PlGF are recorded according to 
standardized protocols. 

• October 2015 to July 2018 
• 16850 Women



Conclusions
• Performances très variables des tests de dépistage

o Liées au niveau de risque de PE
o Liées aux facteurs de risque

• Importance de valider les modèles et les stratégies de 
dépistage en population générale ?

• L’étude ASPRE ne permet pas de valider l’intérêt d’un 
dépistage de la PE
o Pour le moment, pas d’indication à l’utilisation d’un test de dépistage 

pour la prééclampsie en routine

• Problématique de la posologie d’aspirine
• Recos nationales sur la prééclampsie à prévoir


