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1  | EXECUTIVE SUMMARY

Pre-eclampsia (PE) is a multisystem disorder that typically affects 
2%–5% of pregnant women and is one of the leading causes of mater-
nal and perinatal morbidity and mortality, especially when the condi-
tion is of early onset. Globally, 76 000 women and 500 000 babies die 
each year from this disorder. Furthermore, women in low-resource 
countries are at a higher risk of developing PE compared with those in 
high-resource countries.

Although a complete understanding of the pathogenesis of PE 
remains unclear, the current theory suggests a two-stage process. The 
first stage is caused by shallow invasion of the trophoblast, resulting in 
inadequate remodeling of the spiral arteries. This is presumed to lead 
to the second stage, which involves the maternal response to endo-
thelial dysfunction and imbalance between angiogenic and antiangio-
genic factors, resulting in the clinical features of the disorder.

Accurate prediction and uniform prevention continue to elude 
us. The quest to effectively predict PE in the first trimester of preg-
nancy is fueled by the desire to identify women who are at high risk 
of developing PE, so that necessary measures can be initiated early 
enough to improve placentation and thus prevent or at least reduce 
the frequency of its occurrence. Furthermore, identification of an “at 
risk” group will allow tailored prenatal surveillance to anticipate and 
recognize the onset of the clinical syndrome and manage it promptly.

PE has been previously defined as the onset of hypertension 
accompanied by significant proteinuria after 20 weeks of gestation. 
Recently, the definition of PE has been broadened. Now the interna-
tionally agreed definition of PE is the one proposed by the International 
Society for the Study of Hypertension in Pregnancy (ISSHP).

According to the ISSHP, PE is defined as systolic blood pressure 
at ≥140 mm Hg and/or diastolic blood pressure at ≥90 mm Hg on at 
least two occasions measured 4 hours apart in previously normoten-
sive women and is accompanied by one or more of the following new-
onset conditions at or after 20 weeks of gestation:

1.	 Proteinuria (i.e. ≥30 mg/mol protein:creatinine ratio; 
≥300 mg/24 hour; or ≥2 + dipstick);

2.	 Evidence of other maternal organ dysfunction, including: acute kid-
ney injury (creatinine ≥90 μmol/L; 1 mg/dL); liver involvement 
(elevated transaminases, e.g. alanine aminotransferase or aspartate 
aminotransferase >40 IU/L) with or without right upper quadrant 
or epigastric abdominal pain; neurological complications (e.g. 
eclampsia, altered mental status, blindness, stroke, clonus, severe 
headaches, and persistent visual scotomata); or hematological com-
plications (thrombocytopenia–platelet count <150 000/μL, dis-
seminated intravascular coagulation, hemolysis); or

3.	 Uteroplacental dysfunction (such as fetal growth restriction, abnor-
mal umbilical artery Doppler waveform analysis, or stillbirth).

It is well established that a number of maternal risk factors are 
associated with the development of PE: advanced maternal age; nulli-
parity; previous history of PE; short and long interpregnancy interval; 
use of assisted reproductive technologies; family history of PE; obesity; 

Afro-Caribbean and South Asian racial origin; co-morbid medical condi-
tions including hyperglycemia in pregnancy; pre-existing chronic hyper-
tension; renal disease; and autoimmune diseases, such as systemic lupus 
erythematosus and antiphospholipid syndrome. These risk factors have 
been described by various professional organizations for the identifica-
tion of women at risk of PE; however, this approach to screening is inad-
equate for effective prediction of PE.

PE can be subclassified into:

1.	 Early-onset PE (with delivery at <34+0 weeks of gestation);
2.	 Preterm PE (with delivery at <37+0 weeks of gestation);
3.	 Late-onset PE (with delivery at ≥34+0 weeks of gestation);
4.	 Term PE (with delivery at ≥37+0 weeks of gestation).

These subclassifications are not mutually exclusive. Early-onset PE is 
associated with a much higher risk of short- and long-term maternal and 
perinatal morbidity and mortality.

Obstetricians managing women with preterm PE are faced with 
the challenge of balancing the need to achieve fetal maturation in 
utero with the risks to the mother and fetus of continuing the preg-
nancy longer. These risks include progression to eclampsia, devel-
opment of placental abruption and HELLP (hemolysis, elevated liver 
enzyme, low platelet) syndrome. On the other hand, preterm delivery 
is associated with higher infant mortality rates and increased morbid-
ity resulting from small for gestational age (SGA), thrombocytopenia, 
bronchopulmonary dysplasia, cerebral palsy, and an increased risk of 
various chronic diseases in adult life, particularly type 2 diabetes, car-
diovascular disease, and obesity. Women who have experienced PE 
may also face additional health problems in later life, as the condition 
is associated with an increased risk of death from future cardiovas-
cular disease, hypertension, stroke, renal impairment, metabolic syn-
drome, and diabetes. The life expectancy of women who developed 
preterm PE is reduced on average by 10 years. There is also signifi-
cant impact on the infants in the long term, such as increased risks 
of insulin resistance, diabetes mellitus, coronary artery disease, and 
hypertension in infants born to pre-eclamptic women.

The International Federation of Gynecology and Obstetrics (FIGO) 
brought together international experts to discuss and evaluate current 
knowledge on PE and develop a document to frame the issues and 
suggest key actions to address the health burden posed by PE.

FIGO's objectives, as outlined in this document, are: (1) To raise 
awareness of the links between PE and poor maternal and perinatal 
outcomes, as well as to the future health risks to mother and offspring, 
and demand a clearly defined global health agenda to tackle this issue; 
and (2) To create a consensus document that provides guidance for the 
first-trimester screening and prevention of preterm PE, and to dissem-
inate and encourage its use.

Based on high-quality evidence, the document outlines current 
global standards for the first-trimester screening and prevention of 
preterm PE, which is in line with FIGO good clinical practice advice on 
first trimester screening and prevention of pre-eclampsia in singleton 
pregnancy.1
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It provides both the best and the most pragmatic recommenda-
tions according to the level of acceptability, feasibility, and ease of 
implementation that have the potential to produce the most signifi-
cant impact in different resource settings. Suggestions are provided 
for a variety of different regional and resource settings based on their 
financial, human, and infrastructure resources, as well as for research 
priorities to bridge the current knowledge and evidence gap.

To deal with the issue of PE, FIGO recommends the following:
Public health focus: There should be greater international atten-

tion given to PE and to the links between maternal health and non-
communicable diseases (NCDs) on the Sustainable Developmental 
Goals agenda. Public health measures to increase awareness, access, 
affordability, and acceptance of preconception counselling, and pre-
natal and postnatal services for women of reproductive age should 
be prioritized. Greater efforts are required to raise awareness of the 
benefits of early prenatal visits targeted at reproductive-aged women, 
particularly in low-resource countries.

Universal screening: All pregnant women should be screened for 
preterm PE during early pregnancy by the first-trimester combined 
test with maternal risk factors and biomarkers as a one-step proce-
dure. The risk calculator is available free of charge at https://fetal-
medicine.org/research/assess/preeclampsia. FIGO encourages all 
countries and its member associations to adopt and promote strate-
gies to ensure this. The best combined test is one that includes mater-
nal risk factors, measurements of mean arterial pressure (MAP), serum 

placental growth factor (PLGF), and uterine artery pulsatility index 
(UTPI). Where it is not possible to measure PLGF and/or UTPI, the 
baseline screening test should be a combination of maternal risk fac-
tors with MAP, and not maternal risk factors alone. If maternal serum 
pregnancy-associated plasma protein A (PAPP-A) is measured for rou-
tine first-trimester screening for fetal aneuploidies, the result can be 
included for PE risk assessment. Variations to the full combined test 
would lead to a reduction in the performance screening. A woman is 
considered high risk when the risk is 1 in 100 or more based on the 
first-trimester combined test with maternal risk factors, MAP, PLGF, 
and UTPI.

Contingent screening: Where resources are limited, routine 
screening for preterm PE by maternal factors and MAP in all pregnan-
cies and reserving measurements of PLGF and UTPI for a subgroup of 
the population (selected on the basis of the risk derived from screen-
ing by maternal factors and MAP) can be considered.

Prophylactic measures: Following first-trimester screening for 
preterm PE, women identified at high risk should receive aspirin pro-
phylaxis commencing at 11–14+6 weeks of gestation at a dose of 
~150 mg to be taken every night until 36 weeks of gestation, when 
delivery occurs, or when PE is diagnosed. Low-dose aspirin should 
not be prescribed to all pregnant women. In women with low calcium 
intake (<800 mg/d), either calcium replacement (≤1 g elemental calci-
um/d) or calcium supplementation (1.5–2 g elemental calcium/d) may 
reduce the burden of both early- and late-onset PE.

https://fetalmedicine.org/research/assess/preeclampsia
https://fetalmedicine.org/research/assess/preeclampsia
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2  | TARGET AUDIENCE OF THE FIGO 
INITIATIVE ON PRE-ECLAMPSIA

This document is directed at multiple stakeholders with the inten-
tion of bringing attention to PE, which is a preventable but common 
and potentially life-threatening complication of pregnancy with grave 
consequences for both the mothers and the offspring. This document 
proposes to create a global framework for action for early screening 
and prevention of PE.

The intended target audience includes:

•	 Healthcare providers: All those who are qualified to care for preg-
nant women and their newborns, but in particular those responsi-
ble for screening for high-risk women (obstetricians, maternal-fetal 
medicine specialists, internists, pediatricians, neonatologists, gen-
eral practitioners/family physicians, midwives, nurses, advance 
practice clinicians, nutritionists, pharmacists, community health 
workers, laboratory technicians, etc.)

•	 Healthcare delivery organizations and providers: governments, 
federal and state legislators, healthcare management organizations, 
health insurance organizations, international development agen-
cies, and nongovernmental organizations.

•	 Professional organizations: international, regional, and national 
professional organizations of obstetricians and gynecologists, 
internists, family practitioners, pediatricians, neonatologists, and 
worldwide national organizations dedicated to the care of pregnant 
women with PE.

3  | QUALITY ASSESSMENT OF 
EVIDENCE AND GRADING OF STRENGTH OF 
RECOMMENDATIONS

In assessing the quality of evidence and grading of strength of rec-
ommendations, the document follows the terminology proposed by 
the Grading of Recommendations, Assessment, Development and 
Evaluation (GRADE) working group (http://www.gradeworkinggroup.
org/). This system uses consistent language and graphical descriptions 
for the strength and quality of the recommendations and the evidence 
on which they are based. Strong recommendations are numbered as 
1 and conditional (weak) recommendations are numbered 2. For the 
quality of evidence, cross-filled circles are used: ⊕OOO denotes very 
low-quality evidence; ⊕⊕OO low quality; ⊕⊕⊕O moderate quality; 
and ⊕⊕⊕⊕ high-quality evidence (Tables 1 and 2).

T A B L E   1   Interpretation of strong and conditional (weak) recommendations according to GRADE.a,b

Implications
1=Strong recommendation phrased as “we recommend” 2=Conditional (weak) recommendation phrased as “we 

suggest”

For patients Nearly all patients in this situation would accept the 
recommended course of action. Formal decision aids are 
not needed to help patients make decisions consistent with 
their values and preferences

Most patients in this situation would accept the suggested 
course of action

For clinicians According to the guidelines performance of the recom-
mended action could be used as a quality criterion or 
performance indicator, unless the patient refuses

Decision aids may help patients make a management 
decision consistent with their values and preferences

For policy makers The recommendation can be adapted as policy in most 
situations

Stakeholders need to discuss the suggestion

aReprinted with permission of the American Thoracic Society. © 2019 American Thoracic Society. Schunemann HJ, Jaeschke R, Cook DJ, et al. An official 
ATS statement: grading the quality of evidence and strength of recommendations in ATS guidelines and recommendations. Am J Respir Crit Care Med 
2006;174:605–614. The American Journal of Respiratory and Critical Care Medicine is an official journal of the American Thoracic Society.
bBoth caregivers and care recipients need to be involved in the decision-making process before adopting recommendations.

T A B L E   2   Interpretation of quality of evidence levels according to GRADE.a

Level of evidence Definition

High 
⊕⊕⊕⊕

We are very confident that the true effect corresponds to that of the estimated effect

Moderate 
⊕⊕⊕O

We are moderately confident in the estimated effect. The true effect is generally close to the estimated effect, but it may be 
slightly different

Low 
⊕⊕OO

Our confidence in the estimated effect is limited. The true effect could be substantially different from the estimated effect

Very low 
⊕OOO

We have very little confidence in the estimated effect. The true effect is likely to be substantially different from the estimated 
effect

aAdapted with permission from Balshem et al. GRADE guidelines: 3. Rating the quality of evidence. J Clin Epidemiol 2011;64:401–6. © Elsevier (2011).

http://www.gradeworkinggroup.org/
http://www.gradeworkinggroup.org/
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4  | PRE-ECLAMPSIA:  BACKGROUND, 
DEFINITION, RISK FACTORS,  MATERNAL  
AND PERINATAL MORBIDITY AND 
MORTALITY ASSOCIATED WITH  
PRE-ECLAMPSIA

4.1 | Introduction

Pre-eclampsia (PE) is a multisystem disorder of pregnancy previously 
defined by the onset of hypertension accompanied by significant pro-
teinuria after 20 weeks of gestation. Recently, the definition of PE has 
been broadened.2–5 PE typically affects 2%–5% of pregnant women 
and is one of the leading causes of maternal and perinatal morbidity and 
mortality, especially when the condition is of early onset.6,7 Globally, 
76 000 women and 500 000 babies die each year from this disorder.8 
Furthermore, women in low-resource countries are at a higher risk of 
developing PE compared with those in high-resource countries.

PE can be subclassified into:

1.	 Early-onset PE (with delivery at <34+0 weeks of gestation);
2.	 Preterm PE (with delivery at <37+0 weeks of gestation);
3.	 Late-onset PE (with delivery at ≥34+0 weeks of gestation);
4.	 Term PE (with delivery at ≥37+0 weeks of gestation).

These subclassifications are not mutually exclusive. Early-onset PE is 
associated with a substantial risk of both short- and long-term maternal 
and perinatal morbidity and mortality.9,10

Although a complete understanding of the pathogenesis remains 
unclear, the current theory suggests a two-stage process. The first stage 
is caused by shallow invasion of the trophoblast resulting in inadequate 
remodeling of the spiral arteries.11–13 This is presumed to lead to the 
second stage, which involves the maternal response to endothelial dys-
function and imbalance between angiogenic and antiangiogenic factors, 
resulting in the clinical features of the disorder.11–13 In late-onset disease, 
placentation is usually normal; however, feto-placental demands exceed 
supply, resulting in a placental response that triggers the clinical phenotype. 
Whilst the placenta certainly plays an essential role in the development of 
PE, there is a growing body of evidence that the maternal cardiovascular 
system may have a significant contribution to the disorder.14

While knowledge of the complex pathophysiology of PE is improving, 
accurate prediction and uniform prevention continue to elude us. The 
quest to effectively predict PE in the first trimester of pregnancy is fueled 
by the desire to identify women who are at high risk of developing PE, so 
that necessary measures can be initiated early to improve placentation 
and reduce the prevalence of the disease. Furthermore, identification of 
an “at risk” group will facilitate tailored prenatal surveillance to anticipate 
and recognize the onset of the clinical syndrome and manage it promptly.

4.2 | Definition of pre-eclampsia

PE is broadly defined as development of hypertension and proteinu-
ria in a previously normotensive woman. The difficulty in interpreting 

epidemiological studies of PE is due to the wide variation in the defi-
nitions of the disease. There are several definitions for the diagnosis 
of PE that have been reported in published literature and proposed 
by various professional bodies. Consequently, this has resulted in sev-
eral different guidelines produced by professional bodies worldwide 
for the diagnosis and management of PE.2,15–17 However, an inter-
nationally agreed definition of PE is that of the International Society 
for the Study of Hypertension in Pregnancy (ISSHP)5 (Box 1), which is 
endorsed by FIGO.

Gestational hypertension is defined as systolic blood pressure (sBP) 
at ≥140 mm Hg and/or diastolic blood pressure (dBP) at ≥90 mm Hg 
on at least two occasions measured 4 hours apart developing after 
20 weeks of gestation in previously normotensive women.

PE is defined as gestational hypertension accompanied by 
≥1 of the following new-onset conditions at or after 20 weeks 
of gestation:

1.	 Proteinuria (i.e. ≥30 mg/mol protein:creatinine ratio; 
≥300 mg/24 hour; or ≥2 + dipstick);

2.	 Other maternal organ dysfunction, including: acute kidney injury 
(creatinine ≥90 μmol/L; 1 mg/dL); liver involvement (elevated 
transaminases, e.g. alanine aminotransferase or aspartate ami-
notransferase >40 IU/L) with or without right upper quadrant or 
epigastric abdominal pain; neurological complications (e.g. eclamp-
sia, altered mental status, blindness, stroke, clonus, severe head-
aches, and persistent visual scotomata); or hematological 
complications (thrombocytopenia–platelet count <150 000/μL, 
disseminated intravascular coagulation, hemolysis); or

3.	 �Uteroplacental dysfunction (such as fetal growth restriction, 
abnormal umbilical artery Doppler waveform analysis, or 
stillbirth).

4.3 | Risk factors

It is well established that a number of maternal risk factors are asso-
ciated with the development of PE. These risk factors have been 
described by various professional organizations for the identification 
of women at risk of PE.3,4,16,18,19

4.3.1 | Maternal age

Advanced maternal age, defined as age greater than or equal to 
35 years at the time of delivery, is associated with 1.2 to 3-fold 
increased risk of developing PE.19–22 Predictive probability of PE 
increases when maternal age is greater than 35 years and the prob-
ability further increases rapidly when maternal age is greater than 

FIGO adopts the definition of PE as provided by the 
International Society for the Study of Hypertension in 
Pregnancy (ISSHP).
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40 years.19 One study has evaluated the maternal age associated risk 
according to the severity of PE. Using multivariate logistic regres-
sion analysis, adjusting for confounders, the risk for late-onset PE has 
been shown to increase by 4% with every 1-year increase in maternal 
age above 32 years.23 However, maternal age is not associated with 
increased risk of early-onset PE.23

4.3.2 | Parity

In nulliparous women, the increased risk of developing PE has been 
widely reported. One systematic review reported that the risk of PE 
is increased three-fold in nulliparous women.24 Another systematic 
review that included 26 studies reported that this increased risk for 
PE persists even after adjusting for other risk factors, such as maternal 
age, race, and body mass index (BMI) and the summary adjusted odds 
ratio (OR) was 2.71 (95% CI, 1.96–3.74).25 Parous women without 
prior history of PE have reduced risk of PE; however, this protective 
effect is lost when the conception partner is different.26

4.3.3 | Previous history of PE

A large population-based study including 763 795 nulliparous women 
with a first delivery between 1987 and 2004 showed that the risk of PE 
was 4.1% in the first pregnancy and 1.7% in later pregnancies overall. 
However, the risk was 14.7% in the second pregnancy for women with 
a history of PE in their first pregnancy and 31.9% for women who had 
PE in the previous two pregnancies. The risk of PE for parous women 
without a history of PE was 1.1%. These observations suggest that the 
risk of PE is greater in nulliparous than parous women without a prior 
history of PE. Among parous women, the risk of PE in subsequent preg-
nancies depends on a prior history of PE.27 This relative risk for subse-
quent PE ranges from 7 to 10 times higher in a second pregnancy.28–30

A study focusing on PE according to severity of disease showed 
that a history of PE doubled the risk of developing early-onset PE 
(<32 weeks) in a subsequent pregnancy as opposed to late-onset 
PE.31 Other studies have reported a 5% to 17% recurrence risk of 
early-onset PE (<34 weeks) in the index pregnancy for those with a 
prior history of early-onset PE.32,33 A systematic review of 11 stud-
ies including 2377 women showed that the pooled recurrence risk of 
early-onset PE is approximately 8% in women who require delivery at 
less than 34 weeks following the development of early-onset PE in the 
first pregnancy.33

4.3.4 | Pregnancy interval

Both short and long interpregnancy intervals are associated with an 
increased risk of PE.34–36 A recent large multicentric retrospective 
study of 894 479 women reported that interpregnancy intervals of 
less than 12 months or greater than 72 months are associated with 
higher risk of PE development compared with interpregnancy intervals 
of 12–23 months.37 It has been observed that the longer the interval, 
the higher the risk of developing PE. The reasons for the association 
between short interpregnancy interval and PE are unclear, but several 

hypotheses have been proposed, including factors related to socioeco-
nomic status, postpartum stress, malnutrition, and inadequate access 
to healthcare services. Meanwhile, the increased PE risk in women with 
long interpregnancy intervals might be attributed to advanced maternal 
age, infertility, and underlying maternal medical conditions.38,39

4.3.5 | Assisted reproduction

Several studies have reported that the use of assisted reproductive 
technologies (ART) doubles the risk of PE.40–43 In a cohort study 
of more than 1 million pregnant women, the risk of having PE was 
increased in women exposed to hyperestrogenic ovarian stimula-
tion medications regardless of ART type compared with those with 
spontaneous conception (ORs ranging from 1.32 to 1.83).44 In con-
trast, the use of nonhyperestrogenic ovarian stimulation drugs was 

Box  1 Diagnosis of hypertensive disorders in pregnancy 
according to ISSHP.a

Gestational hypertension
•	 Persistent de novo hypertension (sBP ≥140 mm Hg and/or dBP 
≥90 mm Hg after 20 weeks of gestation in the absence of 
features of PE.

PE de novo
•	 Gestational hypertension accompanied by ≥1 of the following 
new-onset conditions at or after 20 weeks of gestation: 
-	 Proteinuria: 24-h urine protein ≥300 mg/d or spot urine 
protein/creatinine ratio ≥0.30 mg/mg or urine dipstick 
testing ≥1+

-	 Other maternal organ dysfunction: 
	 Acute kidney injury (creatinine ≥90 μmol/L; 1 mg/dL)
	 Liver involvement (elevated alanine aminotransferase or 

aspartate aminotransferase >40 IU/L) with or without 
right upper quadrant or epigastric pain)

	 Neurological complications (including eclampsia, altered 
mental status, blindness, stroke, or more commonly 
hyperreflexia when accompanied by clonus, severe 
headaches, and persistent visual scotomata)

	 Hematological complications (thrombocytopenia–platelet 
count <150 000/μL, disseminated intravascular coagula-
tion, hemolysis)

	 Uteroplacental dysfunction (fetal growth restriction, 
abnormal umbilical artery Doppler waveform or 
stillbirth).

Superimposed PE on chronic hypertension
•	 Women with chronic essential hypertension develop any of the 
above maternal organ dysfunctions consistent with PE

•	 Increase in blood pressure per se is not sufficient to diagnose 
superimposed PE

•	 In the absence of pre-existing proteinuria, new-onset 
proteinuria in the setting of a rise in blood pressure is sufficient 
to diagnose superimposed PE

In women with proteinuric renal disease, an increase in proteinuria 
during pregnancy is not sufficient per se to diagnose superim-
posed PE

a Source: Brown et al.5
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not associated with an increased risk of PE.44 High estrogen levels 
during implantation may lead to impaired placentation and reduced 
uteroplacental circulation as well as decreased number of uterine spi-
ral arteries with vascular invasion.44–46 Women conceiving by intrau-
terine insemination, in particular by donor sperm, are at a greater risk 
of developing PE.47–51 Those who have undergone donor ovum in 
vitro fertilization (IVF) appear to have a higher risk of PE than those 
who have had autologous ovum IVF.52 Evidence from IVF pregnan-
cies with ovum donation suggests that there are altered extravillous 
trophoblast and immunological changes in decidua basalis, which may 
impede the modification of the spiral arteries.53

4.3.6 | Family history of PE

Although most cases of PE are sporadic, a familial susceptibility to PE 
has been documented. Daughters or sisters of women with PE are 
3–4 times more likely to develop the condition than women without 
a family history.54–56 The mode of inheritance seems to be complex, 
including numerous variants, which individually have small effects, but 
collectively contribute to an individual's susceptibility to the disor-
der. Genome-wide association studies (GWAS) using sib-pair analysis 
have identified plausible, yet conflicting, positional candidate mater-
nal susceptibility genes for PE. GWAS of PE affected families have 
demonstrated significant linkage to chromosomes 2p, 2q, 4p, 7p, 9p, 
10q, 11q, and 22q.57 However, no other study has reproduced these 
significant or suggestive loci.

4.3.7 | Obesity

There is substantial evidence to show that obesity (BMI ≥30 kg/m2) con-
fers a 2 to 4-fold higher risk for PE.58–64 The exact mechanisms linking 
overweight/obesity and PE remain unclear. Obesity is known as a state 
of chronic, low-grade inflammation, also called “meta-inflammation”.65,66 
Low-grade inflammation can induce endothelial dysfunction and placen-
tal ischemia by immune mediated mechanisms, which in turn lead to pro-
duction of inflammatory mediators resulting in an exaggerated maternal 
inflammatory response and development of PE.67

4.3.8 | Race and ethnicity

There is extensive evidence in the literature demonstrating the 
association between race and ethnicity and PE. Large population 
studies suggest that the risk of PE in Afro-Caribbean women is 
increased by 20%–50%.68–72 The risk of PE is also higher in women 
of South Asian origin than in those of non-Hispanic white women 
(adjusted OR 1.3; 95% CI, 1.2–1.4).73 Increased risk of PE reflects 
the metabolic profiles of nonpregnant women associated with an 
increased susceptibility to cardiovascular disease.74–76 Both Afro-
Caribbean and South Asian women are more susceptible to devel-
oping chronic hypertension, diabetes mellitus, and cardiovascular 
disease. In a large prospective observational cohort study of more 
than 79 000 singleton pregnancies recruited in London, UK, the 
risk of PE was significantly higher in women of Afro-Caribbean 

and South Asian racial origin compared with white women.77 The 
increased risk remains significant even after adjusting for other con-
founding risk factors for PE.

4.3.9 | Comorbidities

There are certain medical conditions that predispose women to devel-
oping PE. These include hyperglycemia in pregnancy (pre-pregnancy 
type 1 and type 2 diabetes mellitus, overt diabetes in pregnancy, and 
gestational diabetes requiring insulin treatment), pre-existing chronic 
hypertension, renal disease, and autoimmune diseases such as sys-
temic lupus erythematosus (SLE) and antiphospholipid syndrome (APS). 
Recently, a systematic review and meta-analysis evaluated clinical risk 
factors at less than or equal to 16 weeks of gestation in 25 356 655 
pregnant women in 27 countries.78 Patients with a history of chronic 
hypertension have a higher risk of developing PE than those without 
this condition (relative risk [RR] 5.4; 95% CI, 4.0–6.5). Pre-existing dia-
betes mellitus, APS, SLE, and chronic kidney disease are also associated 
with an increased risk of developing PE (RR 3.7; 95% CI, 3.1–4.3; RR 2.8; 
95% CI, 1.8–4.3; RR 2.5; 95% CI, 1.0–6.3; and RR 1.8; 95% CI, 1.5–2.1, 
respectively).78

Interestingly, pre-existing diabetes mellitus and PE share many risk 
factors including advanced maternal age, nulliparity, pre-pregnancy 
obesity, nonwhite racial propensity, and multiple pregnancy.79,80 
Several common pathological pathways are present in both condi-
tions. These include endothelial dysfunction (e.g. lower flow-mediated 
dilatation),81,82 imbalance of angiogenic factors,81,83 increased oxida-
tive stress (e.g. low total antioxidant status, high free radicals),84 and 
dyslipidemia (e.g. increased triglycerides).85,86 PE is a risk factor for 
future type 2 diabetes.87–90 This relationship is still evident even when 
women who have PE with gestational diabetes are excluded. Both 
conditions are associated with insulin resistance91–97 and women with 
PE have an increased risk of metabolic syndrome after delivery.98–100

4.4 | Maternal and perinatal morbidity and mortality 
associated with pre-eclampsia

4.4.1 | Maternal morbidity and mortality

The most common cause of death in women with PE is intracranial 
hemorrhage.101 Other serious complications include placental abrup-
tion, HELLP syndrome, acute pulmonary edema, respiratory distress 
syndrome, and acute renal failure.102

Chesley et al.103 were the first to propose the concept that preg-
nancy is a stress test, based on the observation that pregnant women 
who have never developed PE have a lower risk of cardiovascular 
disease than the general female population; whereas women with 
eclampsia have a similar risk of cardiovascular disease in later life as 

FIGO acknowledges the many maternal risk factors that are asso-
ciated with the development of pre-eclampsia, which must be 
taken into consideration for screening practices.
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appropriately matched women with unknown pregnancy history. 
Therefore, while PE may not directly cause cardiovascular disease 
in later life, pregnancy itself acts as a challenge test to reveal under-
lying metabolic risk factors for atherosclerosis and cardiovascular 
disease.103 Evidence in support of this hypothesis is that PE and car-
diovascular disease share many risks factors, including obesity, insulin 
resistance, diabetes mellitus, underlying hypertension, and dyslipid-
emia.103–106 A recent meta-analysis demonstrated that women with 
previous PE have a RR of 3.13 (95% CI, 2.51–3.89) for future develop-
ment of chronic hypertension, an OR of 2.28 (95% CI, 1.87–2.78) for 
future cardiovascular disease, and an OR of 1.8 (95% CI, 1.43–2.21) 
for cardiovascular accident.107 It has been observed that the earlier the 
onset of PE, the more severe the condition and the higher the risk of 
developing subsequent cardiovascular disease.108

Compared with normotensive women, women with PE are also 
more likely to have microalbuminuria (a marker of renal damage) at 
3–5 years after delivery.109 PE may adversely impact future kidney 
function since glomerular endotheliosis—a typical renal lesion in PE 
that was previously thought to resolve soon after delivery—can be 
observed long after pregnancy in some women who had PE.110 A pro-
spective cohort study reported an association between PE and subse-
quent end-stage renal disease (RR 4.7; 95% CI, 3.6–6.1).111 Patients 
with a history of PE should be aware of the increased risk of future 
cardiovascular disease,107,108 metabolic syndrome,112,113 and chronic 
or end-stage renal disease.111 It remains to be determined whether 
lifestyle modifications as well as close monitoring for signs and symp-
toms of metabolic syndromes after delivery among patients with PE 
can reduce these risks.114

4.4.2 | Perinatal morbidity and mortality

PE is associated with a number of short- and long-term perinatal and 
neonatal complications, including death (Table 3). These are mostly 
related to birth weight and gestational age at delivery and are there-
fore mainly attributed to early-onset PE.

PE is commonly associated with placental lesions. The underly-
ing vascular manifestations and the presence of oxidative stress and 
endothelial damage can lead to fetal growth restriction (FGR) with 
underlying hypoxia and acidosis. A multicenter prospective study of 
30 639 unselected women with singleton pregnancies demonstrated 

that in 614 (2%) women who developed PE there was an inverse signif-
icant association between the gestational age at delivery and preva-
lence of small for gestational age (SGA) (r=−0.99, P<0.0001). As would 
be expected, the prevalence of SGA with PE was 82%, 47%, and 30% 
in those delivered at less than 34 weeks, between 34 and 37 weeks, 
and greater or equal to 37 weeks, respectively. The frequency of SGA 
in pregnancies without PE was 44%, 21%, and 8%, respectively.115

Given the presence of underlying hypoxia in PE, and the frequent 
associations with FGR, the incidence of fetal distress before or during 
labor is also increased. This is partly related to the reduced fetal 
reserves available to withstand the stress of labor. This is supported by 
several studies in which levels of markers of chronic hypoxia (such as 
erythropoietin and nucleated red blood cells) in cord blood of fetuses 
born to women with PE were shown to be elevated.116,117

The most important complication that requires great attention 
through effective prediction and prevention of PE is intrauterine fetal 
death (IUFD). The risk of IUFD varies widely depending on the pop-
ulation, severity of PE, and the presence of comorbid factors.118 For 
women with PE, infant mortality is three-times higher in low-  and 
middle-income countries than in high-income countries.119 The under-
lying causes of IUFDs related to PE include acute and chronic hypoxia, 
placental insufficiency, FGR, and placental abruption. A prospective 
study of 113 415 singleton pregnancies in the UK reported 396 (3.5 
per 1000) prepartum IUFDs, of which 230 (58%) were secondary to 
impaired placentation (PE, FGR, placental abruption) and 166 (42%) 
were due to other or unexplained causes.120

Infants born to mothers suffering from PE are at risk of being 
born prematurely, as delivery is the only cure for PE. In women with 
early-onset or severe PE, the risk is much higher. About 25% of PE 
cases require delivery before 37 weeks of gestation. It is estimated 
that about one-third of preterm births are medically indicated, and 
that PE is the primary indication for iatrogenic preterm delivery.121,122 
Infants born prematurely are at higher risk of neonatal mortality and 
morbidity, including necrotizing enterocolitis, retinopathy of prema-
turity, bronchopulmonary dysplasia, intraventricular hemorrhage, and 
neurodevelopmental impairments compared with term infants. These 
tend to be inversely related to gestational age at birth.

In summary, several fetal complications are associated with PE, 
especially when the disease is severe or has an early onset. These 
include FGR, oligohydramnios, IUFD, preterm delivery, nonreassur-
ing fetal heart rate (FHR) during labor, low Apgar scores, and need for 
admission to a neonatal intensive care unit (NICU).118 Poor neonatal 
outcomes can be either related solely to prematurity or as a direct 
consequence of PE. More often than not, both are at play, particularly 
in cases of severe, early-onset PE.

Regarding early childhood and school-age neurodevelopmental 
impairment, several investigators have reported outcomes of large 
population-based or geographic cohorts of infants born extremely 
premature. The Epicure Study examined school age outcomes of all 
infants born at less than 26 weeks of gestation over a five-year period 
in England.123 Cerebral palsy affected 6% of the survivors, whereas 
41% had IQ tests that were more than two standard deviations 
(SDs) below the mean compared with schoolmates. Investigators 

T A B L E   3  Short- and long-term perinatal and neonatal 
complications related to pre-eclampsia.

Short-term complications Long-term complications

Fetal growth restriction (FGR) Cerebral palsy

Oligohydramnios Low IQ

Intrauterine fetal death (IUFD) Hearing loss

Preterm birth Visual impairment

Low Apgar score Insulin resistance

Nonassuring FHR during labor Diabetes mellitus

Need for NICU admission Coronary artery disease

Hypertension
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from British Columbia reported provincial outcomes for infants born 
between 22 and 25 weeks over 17 years (n=341).124 Some 20% of 
survivors had moderate disability (defined as cerebral palsy, or IQ 
2–3 SDs below the mean, or sensorineural hearing loss corrected 
with aids or visual impairment worse than 20/70), whereas 10% of 
survivors had severe disability (defined as nonambulatory cerebral 
palsy, IQ more than three SDs below the mean, hearing loss not cor-
rected, or legal blindness).

Regarding impact in adult life, the publication by Osmond and 
Barker125 suggested that the in-utero environment could influence 
adult health and disease state. Their hypothesis states that sub-
optimal in-utero nutrient supply, as seen in placental insufficiency, 
through metabolic and hormonal adaptations and altered organ 
morphology, leads to increased risks of insulin resistance, diabetes 

mellitus, coronary artery disease, and hypertension. Thus, both the 
short-term and long-term consequences of PE, in terms of impact on 
individual health, the financial costs in providing the needed acute 
intensive care, and the long-term consequences to health and human 
capital, justify efforts to find effective early prediction and preventive 
strategies.

FIGO recommends and supports the call for greater attention and 
focus on the links between maternal health and NCDs in the 
Sustainable Developmental Goals agenda, including efforts to 
ensure early screening for all pregnant women for pre-existing 
NCDs or their risk factors.
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5  | FIRST TRIMESTER PREDICTION OF 
PRE-ECLAMPSIA

5.1 | Problems with existing methods of screening

The current approach to screening for PE is to identify risk factors from 
maternal demographic characteristics and medical history (maternal 
risk factors).2–4,15,16,126,127 There are two key recommendations that 
have evolved over time. According to the National Institute for Health 
and Clinical Excellence (NICE) in the UK, women should be considered 
to be at high risk of developing PE if they have any one high-risk fac-
tor (hypertensive disease in previous pregnancy, chronic hypertension, 
chronic renal disease, diabetes mellitus, or autoimmune disease) or 
any two moderate-risk factors (nulliparity, age ≥40 years, BMI ≥35 kg/
m2, family history of PE, or interpregnancy interval >10 years).16 In 
the USA, the American College of Obstetricians and Gynecologists 
(ACOG) issued the Hypertension in Pregnancy Task Force Report rec-
ommending daily low-dose aspirin beginning in the late first trimester 
for women with a history of early-onset PE and preterm delivery at less 
than 34 weeks of gestation, or for women with more than one prior 
pregnancy complicated by PE.128 The US Preventive Services Task 
Force published a similar guideline, although the list of indications for 
low-dose aspirin use was more expansive.129 An updated version of the 
US Preventive Services Task Force guideline has now been endorsed 
by ACOG, the Society for Maternal-Fetal Medicine, and the American 
Diabetes Association.130 Low-dose aspirin prophylaxis at 81 mg/d 
from 12 and 28 weeks of gestation (optimally at <16 weeks of gesta-
tion), continued daily until delivery, should be considered for women 
with one or more high-risk factors (history of PE, renal disease, auto-
immune disease, type 1 or type 2 diabetes, and chronic hypertension) 
or more than one of several moderate-risk factors (first pregnancy, 
age of ≥35 years, BMI >30 kg/m2, family history of PE, sociodemo-
graphic characteristics, and personal history factors).128 The approach 
recommended by NICE and ACOG essentially treats each risk factor 
as a separate screening test with additive detection rate and screen-
positive rate. Although recognition of maternal risk factors might be 
useful in identifying at-risk women in clinical practice, it is not a suf-
ficient tool for the effective prediction of PE.131 In screening with use 
of NICE guidelines, the detection rate is 39% for preterm PE and 34% 
for term PE at 10.3% false-positive rate. The respective detection rates 
in screening with use of the US Preventive Services Task Force recom-
mendations were 90% and 89%, at 64.3% false-positive rate.132

5.2 | Screening with biomarkers

An alternative approach to screening for PE, which allows estimation of 
individual patient-specific risks of PE requiring delivery before a speci-
fied gestation, is to use Bayes theorem to combine the a priori risk from 
maternal characteristics and medical history with the results of various 
combinations of biophysical and biochemical measurements. Extensive 
research in the last decade has led to the identification of four potentially 
useful biomarkers at 11–13 weeks of gestation: mean arterial pressure 
(MAP), uterine artery pulsatility index (UTPI), serum pregnancy-associated 

plasma protein A (PAPP-A), and serum placental growth factor (PLGF). 
The algorithm was originally developed from a study of 58 884 single-
ton pregnancies at 11–13 weeks of gestation, including 1426 (2.4%) that 
subsequently developed PE. The estimated detection rates of preterm 
PE and all cases of PE, at fixed false-positive rate of 10%, were 77% and 
54%.133 Subsequently, data from prospective screening in 35 948 single-
ton pregnancies, including 1058 pregnancies (2.9%) that experienced PE, 
were used to update the original algorithm. The detection rates of pre-
term PE and term PE were 75% and 47%, respectively, at false-positive 
rate of 10%.134 The predictive performance of this algorithm was exam-
ined in a prospective multicenter study of 8775 pregnancies, including 
239 (2.7%) cases that developed PE. The detection rates of preterm PE 
and term PE were 75% and 43%, respectively, at false-positive rate of 
10%.135 In the screened population in the ASPRE trial, involving 26 941 
singleton pregnancies from 13 maternity hospitals in six countries (UK, 
Spain, Italy, Belgium, Greece, Israel), the detection rates of preterm PE 
and term PE, after adjustment for the effect of aspirin, were 77% and 
43%, respectively, at false-positive rate of 9.2%.136

In the latest National Institute for Health Research (UK) com-
missioned prospective validation study of the Bayes-based model in 
16 747 pregnancies, including 473 (2.8%) women who developed PE, 
the screen-positive rate by the NICE method was 10.3%, the detection 
rate for all PE was 30%, and for preterm PE it was 41%. The detection 
rate of the mini-combined test (maternal factors, MAP, and PAPP-A) 
for all PE was 43%, which was superior to that of the NICE method by 
12.1% (95% CI, 7.9–16.2). In screening for preterm PE by a combina-
tion of maternal factors, MAP, UTPI, and PLGF, the detection rate was 
82%, which was higher than that of the NICE method by 41.6% (95% 
CI, 33.2–49.9).137 The addition of PAPP-A to this combined model did 
not improve the overall screening performance.

Data from three reported prospective nonintervention screening 
studies at 11–13 weeks of gestation in a combined total of 61 174 
singleton pregnancies, including 1770 (2.9%) that developed PE, have 
demonstrated that screening by a combination of maternal risk fac-
tors, MAP, PLGF, and UTPI and using a risk cut-off of 1 in 100 for 
preterm PE in white women, the screen-positive rate was 10% and 
detection rates for early-onset, preterm, and term PE were 88%, 69%, 
and 40%, respectively. With the same method of screening and risk 
cut-off in women of Afro-Caribbean racial origin, the screen-positive 
rate was 34% and detection rates for early-onset, preterm, and term 
PE were 100%, 92%, and 75%, respectively.138

A secondary analysis of data from the ASPRE trial of a total of 34 573 
women with singleton pregnancies who underwent prospective screen-
ing for preterm PE, including 239 (0.7%) cases of preterm PE, has shown 
that in ACOG or NICE screen-positive women who are screen negative 
by the Bayes-based method, the risk of preterm PE is reduced to within 
or below background levels. The study demonstrated that at least one of 
the ACOG criteria was fulfilled in 22 287 (64.5%) pregnancies and the 
incidence of preterm PE was 0.97% (95% CI, 0.85–1.11). In the subgroup 
that was Bayes-method screen positive, the incidence was 4.80% (95% 
CI, 4.14–5.55); in those that were screen negative it was 0.25% (95% 
CI, 0.18–0.33%), and the relative incidence in Bayes-method negative to 
Bayes-method positive was 0.051 (95% CI, 0.037–0.071). In 1392 (4.0%) 
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pregnancies at least one of the NICE high-risk criteria was fulfilled and in 
this group the incidence of preterm PE was 5.17% (95% CI, 4.13–6.46). 
In the subgroups of screen positive and screen negative by the Bayes 
method the incidence of preterm PE was 8.71% (95% CI 6.93–10.89%) 
and 0.65% (95% CI, 0.25–1.67), respectively, and the relative incidence 
was 0.075 (95% CI, 0.028–0.205). In 2360 (6.8%) pregnancies with at 
least two of the NICE moderate-risk criteria, the incidence of preterm PE 
was 1.74% (95% CI, 1.28–2.35). In the subgroups of screen positive and 
screen negative by the Bayes method the incidence was 4.91% (95% CI, 
3.54–6.79) and 0.42% (95% CI, 0.20–0.86), respectively, and the relative 
incidence was 0.085 (95% CI, 0.038–0.192).139 These results provide 
further evidence to support risk-based screening using biomarkers.

There is now a substantial body of evidence to support risk-based 
screening for preterm PE using various biomarkers. This approach to 
screening has also been validated prospectively in countries other than 
Europe.140–143 A checklist-based method of screening using informa-
tion from maternal history does not perform as well and can no longer 
be considered sufficient for predicting preterm PE effectively.

5.3 | Recommendations

FIGO recommends the following first-trimester screening procedures 
for singleton pregnancies.

5.3.1 | Maternal characteristics and medical history

Best practice recommendation: Maternal characteristics, medical 
history and obstetric history (as shown in Box 2) must be recorded 
accurately.

Quality of evidence
Strength of 
recommendation

High ⊕⊕⊕⊕ Strong

Evidence to support the inclusion of the above-listed maternal risk 
factors in a multivariate regression algorithm originates from a screening 
study of 120 492 singleton pregnancies at 11–13 weeks of gestation, 
including 2704 (2.2%) pregnancies that experienced PE. A competing 
risk model has been utilized to produce risks for PE, based on a contin-
uous model for the gestational age at delivery with PE, treating births 
from causes other than PE as censored observations.144 This approach 
assumes that, if the pregnancy were to continue indefinitely, all women 
would experience PE and that whether they do so or not before a speci-
fied gestational age depends on competition between delivery before or 
after development of PE. The effect of variables from maternal character-
istics and history is to modify the distribution of gestational age at deliv-
ery with PE so that in pregnancies at low risk for PE the gestational age 
distribution is shifted to the right with the implication that, in most preg-
nancies, delivery will actually occur before development of PE (Fig. 1). In 
high-risk pregnancies the distribution is shifted to the left and the smaller 
the mean gestational age then the higher the risk for PE (Fig. 1).

In this risk factor-based model, increased risk for PE, with a conse-
quent shift in the Gaussian distribution of the gestational age at 

delivery with PE to the left, is related to advancing maternal age, 
increasing weight, Afro-Caribbean and South Asian origin, medical his-
tory of chronic hypertension, diabetes mellitus and SLE or APS, family 
history and personal history of PE, and conception by IVF. The risk for 
PE decreases with increasing maternal height and in parous women 
with no previous PE; in the latter, the protective effect, which is related 
inversely to the interpregnancy interval, persists beyond 15 years. At a 
screen-positive rate of 11%, as defined by NICE, the new model pre-
dicted 40% and 48% of cases of all PE and preterm PE, respectively.144 
The risk factor-based model has been further improved with the inclu-
sion of gestational age at delivery in the previous pregnancy.136

5.3.2 | Measurement of blood pressure

FIGO supports the use of risk-based screening using biomarkers 
for first-trimester prediction of pre-eclampsia over screening 
methods that use maternal demographic characteristics and medi-
cal history (maternal risk factors) only.

MAP is calculated from systolic (sBP) and diastolic blood 
pressure (dBP) readings. The measured sBP and dBP will be 
automatically converted to MAP by the risk calculator.

MAP=dBP+ (sBP−dBP)∕3

Box 2 Maternal characteristics, medical history, and obstetric 
history for pre-eclampsia screening in the first trimester.

Maternal age, y

Maternal weight, kg

Maternal height, cm

Maternal ethnicity: white, Afro-Caribbean, South Asian, East 
Asian, Mixed

Past obstetric history: nulliparous, parous without prior PE, 
parous with prior PE

Interpregnancy interval in years between the birth of the last 
child

Gestational age at delivery (weeks) and birthweight of previous 
pregnancy beyond 24 wk

Family history of PE (mother)

Method of conception: spontaneous, ovulation induction, in 
vitro fertilization

Smoking habit

History of chronic hypertension

History of diabetes mellitus: type 1, type 2, insulin intake

History of systemic lupus erythematosus or antiphospholipid 
syndrome

Abbreviation: PE, pre-eclampsia.
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Best practice recommendation: MAP should be measured as 
part of the risk assessment for PE and it should be measured by 
validated automated and semiautomated devices (http://www.
dableducational.org/sphygmomanometers/devices_1_clinical.
html#ClinTable).

Quality of evidence
Strength of 
recommendation

High ⊕⊕⊕⊕ Strong

Best practice recommendation: Women should be in a sitting posi-
tion, with their arms well supported at the level of their heart and 
an appropriate-sized adult cuff (small <22 cm, normal 22–32 cm, or 
large 33–42 cm) used depending on the mid-arm circumference145 
(Fig. 2). After rest for 5 minutes, blood pressure is measured in both 
arms simultaneously and two sets of recordings are made at 1-minute 
intervals. The four sets of sBP and dBP measurements are needed for 
input into the risk calculator and the final MAP measurement (average 
of four sets of measurements) will be automatically calculated for the 
calculation of patient-specific risk.145

Quality of evidence
Strength of 
recommendation

High ⊕⊕⊕⊕ Strong

Pragmatic practice recommendation: Women should be in the same 
position and posture as described above. Blood pressure is measured 
in one arm and two recordings are made at 1-minute intervals. The 
final MAP measurement (average of two measurements) will be used 
for the calculation of patient-specific risk.

Quality of evidence
Strength of 
recommendation

Moderate ⊕⊕⊕O Conditional

Several factors can affect the values of MAP in pregnant 
women. A cohort study of nearly 70 000 pregnancies was con-
ducted to evaluate the relationship between MAP and maternal 
characteristics.146 Significant independent contributions to MAP 
are provided by gestational age, maternal weight, height, Afro-
Caribbean racial origin, cigarette smoking, family history of PE, 

F I G U R E   1  Competing risk model. Distribution of gestational age at delivery for PE. In pregnancies at low risk for PE the gestational age 
distribution is shifted to the right and, in most pregnancies, delivery will occur before the development of PE. In pregnancies at high risk for PE 
the distribution is shifted to the left. The risk of PE occurring at or before a specified gestational age is given by the area under the distribution 
curve. As an illustration, in the low-risk group the risk of PE at less than 34 wk of gestation is 0.01 or 1% and in the high-risk group the risk is 0.6 
or 60%. Reprinted from Wright et al.144 Copyright (2015), with permission from Elsevier. [Colour figure can be viewed at wileyonlinelibrary.com]

F I G U R E   2  Correct positioning of a woman for blood pressure measurement. Courtesy of PerkinElmer Life and Analytical Sciences. [Colour 
figure can be viewed at wileyonlinelibrary.com]

http://www.dableducational.org/sphygmomanometers/devices_1_clinical.html#ClinTable
http://www.dableducational.org/sphygmomanometers/devices_1_clinical.html#ClinTable
http://www.dableducational.org/sphygmomanometers/devices_1_clinical.html#ClinTable
www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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history of PE in the previous pregnancy, interpregnancy interval, 
chronic hypertension, and diabetes mellitus. Consequently, the 
measurement of MAP is converted to a multiple of median (MoM), 
adjusting for these associated maternal characteristics and gesta-
tional age146 (Appendix S1).

Poon et al.147 first reported the value of MAP measured by validated 
automated blood pressure devices according to a standardized proto-
col at 11–13 weeks of gestation for the prediction of PE.148 Maternal 
blood pressure was determined in 5590 singleton pregnant women 
by automated devices and appropriately trained doctors. For MAP 
alone and in combination with maternal history, the detection rates 
for PE, at 10% false-positive rate, were 38% and 63%, respectively. 
A follow-up study of more than 9000 pregnancies at 11–13 weeks 
of gestation compared the screening performance of sBP, dBP, and 
MAP.149 Although sBP, dBP, and MAP were all found to be raised in 
women who subsequently developed PE, MAP performed best as a 
marker, with a detection rate for early-onset PE, increasing from 47% 
(based on maternal factors alone) to 76% (based on a combination of 
maternal factors and MAP) at a false-positive rate of 10%.149

Methodologically, based on the protocol of the National Heart 
Foundation of Australia (NHFA),148 blood pressure is measured in 
both arms and a minimum of two recordings are made at one-minute 
intervals until variations between consecutive readings fall to within 
10 mm Hg in sBP and 6 mm Hg in dBP in both arms.148 When this 
point of stability is achieved, the average of the last two stable mea-
surements of the left and right arms is calculated and the higher 
of these two measurements from the two arms is used. However, 
in order to achieve the necessary point of blood pressure stability 
according to the NHFA protocol, it has been shown that it is nec-
essary to perform two measurements in both arms in about 50% of 
cases, three measurements in 25% of cases, and four measurements 
or more in 25%.145 In addition, whether blood pressure should be 
taken on the left or right arm remains controversial. The evidence 
supporting simultaneous measurement of both arms is derived from 
the study published by Poon et al.150 In this study, the prevalence of 
blood pressure interarm difference (IAD), defined as IAD of greater 
than 10 mm Hg of sBP and dBP was determined in 5435 women 
during the first trimester of pregnancy. The IAD of sBP and dBP was 
found in 8.3% and 2.3% of normal pregnant women, respectively.150 
A simplified protocol for blood pressure measurement (as described 
above) has been developed through a study of 25 505 singleton preg-
nancies where blood pressure measurements were made using a val-
idated automatic device at 11–13 weeks of gestation.145 The results 
demonstrated that performance of screening for PE by taking the 
average of two measurements from both arms is comparable with 
the NHFA protocol.

5.3.3 | Measurement of biochemical markers

Best practice recommendation: In first-trimester screening, the best 
biochemical marker is PLGF. PAPP-A is useful if measurements of 
PLGF and UTPI are not available.

Quality of evidence
Strength of 
recommendation

High ⊕⊕⊕⊕ Strong

Maternal serum concentrations of PLGF and PAPP-A are measured 
by one of three commercially available automated devices. Quality control 
should be applied to achieve consistency of measurement of biomarkers.

5.3.3.1 | Placental growth factor
PLGF is a glycosylated dimeric glycoprotein secreted by trophoblastic 
cells and is part of the angiogenic vascular endothelial growth factor 
(VEGF) family. It binds to VEGF receptor 1 (VEGFR-1), which has been 
shown to increase during pregnancy. PLGF is synthesized in villous and 
extravillous cytotrophoblasts, and has both vasculogenic and angio-
genetic functions. Its angiogenetic abilities have been speculated to 
play a role in normal pregnancy, and changes in the levels of PLGF or 
its inhibitory receptors have been implicated in the development of 
PE.151–153 Several studies have shown that women who subsequently 
develop PE have significantly lower maternal PLGF concentrations in 
the first trimester than those with normal pregnancies.154–157 This bio-
marker alone has a detection rate of 55% and 33%, respectively, at 10% 
false-positive rate, for the identification of both early- and late-onset 
PE.158 A systematic review and meta-analysis demonstrated that PLGF 
is superior to the other biomarkers for predicting PE.159 Specifically, 
maternal PLGF concentrations alone achieve a detection rate of 56% 
at 9% false-positive rate for the prediction of early-onset PE.159

Several factors affect the values of PLGF in pregnant women. A 
cohort study of more than 42 000 pregnancies, including 33 147 mea-
sured by the DELFIA Xpress system (PerkinElmer Life and Analytical 
Sciences, Waltham, MA, USA), 7065 measured by the Cobas e411 
system (Roche Diagnostics, Risch-Rotkreuz, Switzerland), and 2143 
measured by the B·R·A·H·M·S KRYPTOR compact PLUS (Thermo 
Fisher Scientific, Waltham, MA, USA), was conducted to evaluate the 
relationship of PLGF with analyzers and maternal characteristics.138 
Significant independent contributions to PLGF values are provided 
by the three analyzers as listed above, as well as by gestational age, 
maternal age, weight, racial origin, cigarette smoking, a history of PE in 
the previous pregnancy, diabetes mellitus, and IVF.

5.3.3.2 | Pregnancy-associated plasma protein A
PAPP-A is a metalloproteinase insulin-like growth factor (IGF) binding 
protein secreted by the syncytiotrophoblast that plays an important 
role in placental growth and development. It enhances the mitogenic 
function of the IGFs. PE has been shown to be associated with a low 
level of circulating PAPP-A, which is presumably due to the reduced 
availability of unbound IGFs to fulfil their functional role on a cellular 
level. PAPP-A is a well-established biochemical marker in the screening 
of trisomies 21, 18, and 13. In euploid pregnancies, a PAPP-A MoM 
value at less than the 5th percentile (0.4 MoM) is present in 8%–23% 
of women with PE. Therefore, as a single marker it is not an accurate 
predictive test for PE.160–162 A recent systematic review and meta-
analysis, including eight studies involving 132 076 pregnant women in 
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the first trimester, demonstrated that the maternal PAPP-A concentra-
tion of less than the 5th percentile is associated with the risk of devel-
oping PE with an OR of 1.94 (95% CI, 1.63–2.30). It has a detection 
rate of 16% (9%–28%) at 8% false-positive rate to predict PE.163

In a cohort study of more than 94 000 pregnancies, the rela-
tionship between PAPP-A, measured by the DELFIA Xpress system 
(PerkinElmer Life and Analytical Sciences), and maternal characteristics 
was evaluated.164 Significant independent contributions to PAPP-A 
are provided by gestational age, maternal weight, height, racial origin, 
cigarette smoking, diabetes mellitus, method of conception, previous 
pregnancy with or without PE, and birth weight Z-score of the neonate 
in the previous pregnancy. The measurements of PLGF and PAPP-A 
should be converted to MoMs, adjusting for these associated maternal 
characteristics, analyzers, and gestational age138 (Appendix S1).

5.3.4 | Measurement of uterine artery 
pulsatility index

Best practice recommendation: Where feasible UTPI should be 
measured. A transabdominal ultrasound scan should be done at 11+0 
to 13+6 weeks of gestation (corresponding to fetal crown–rump 
length (CRL) of 42–84 mm). Gestational age must be determined 
from the measurement of the fetal CRL. The same scan is utilized for 
the measurement of fetal translucency thickness and diagnosis of any 
major fetal defects. For the measurement of UTPI, a sagittal section 
of the uterus is obtained and the cervical canal and internal cervical 
os are identified. Subsequently, keeping the transducer in the midline 
it is gently tilted to the side and color flow mapping is used to identify 
each uterine artery along the side of the cervix and uterus at the level 
of the internal os (Fig. 3). Pulsed-wave Doppler is used with the sam-
pling gate set at 2 mm to cover the whole vessel and care is taken to 
ensure that the angle of insonation is less than 30°. When three simi-
lar consecutive waveforms are obtained (Fig. 3), the UTPI is measured 
and the mean UTPI of the left and right arteries is calculated.165 The 
measurement of UTPI must be carried out by sonographers who have 
received the appropriate certificate of competence from the Fetal 
Medicine Foundation (FMF) (www.fetalmedicine.org).

Quality of evidence
Strength of 
recommendation

High ⊕⊕⊕⊕ Strong

The Doppler ultrasound assessing the resistance to blood flow in 
the uterine arteries correlates with both histological studies and clin-
ical severity of PE. This biophysical marker provides a useful nonin-
vasive method for the assessment of the uteroplacental circulation. 
Studies have shown that a significant decrease of resistance in the 
spiral arteries occurs with advancing gestation, which is in keeping 
with physiological changes throughout pregnancy.166,167 Persistent 
high impedance to flow in the uterine arteries is evidence of poor 
placentation that manifests itself in the form of abnormal uteropla-
cental flow velocity waveforms. Histological examination of placental 
bed biopsies of pregnancies affected by PE has shown that absence of 
physiological changes of the spiral arteries is found more commonly in 
cases with high UTPI.168

Methodologically, the measurement of UTPI at the level of the 
internal os during the first trimester is more reproducible than those 
obtained at the level of external iliac vessels crossover.169 In addi-
tion, UTPI can be achieved at the level of the internal cervical os in a 
greater proportion of women than at the level of external iliac vessel 
crossover.169

Several factors can affect the values of UTPI in pregnant women. 
A cohort study of more than 83 000 pregnancies was conducted to 
evaluate the relationship between UTPI and maternal characteris-
tics.138 Significant independent contributions to UTPI are provided 
by gestational age, maternal age, weight, racial origin, a history of 
PE in the previous pregnancy, and type 1 diabetes. Hence, before 
comparing the values between affected and unaffected groups, 
the UTPI value needs to be adjusted for these associated mater-
nal characteristics and gestational age by converting it to a MoM 
(Appendix S1).

A large meta-analysis of first-trimester UTPI measurement for the 
prediction of PE included eight studies for the prediction of early-
onset PE (n=41 692 women) and eleven studies for the prediction of 
PE of any gestation (n=39 179 women).170 The first-trimester abnor-
mal UTPI is defined as greater than the 90th percentile, achieving a 
detection rate of 48%, at 8% false-positive rate, for the identification 
of early-onset PE. The detection rate for predicting late-onset PE 
reduces to 26% at a 7% false-positive rate.

[Correction added on 18 June 2019, after first online publication: 
Second last sentence ‘The first-trimester abnormal UTPI is defined as 
greater than the 90th percentile’ has been corrected for accuracy in 
this version.]

F I G U R E   3   Identification of the uterine artery at the level of the internal os (left) and typical waveforms of the uterine artery Doppler in the 
first trimester of pregnancy. Courtesy of the Fetal Medicine Foundation. [Colour figure can be viewed at wileyonlinelibrary.com]

http://www.fetalmedicine.org
www.wileyonlinelibrary.com
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The International Society of Ultrasound in Obstetrics and 
Gynecology (ISUOG) has recently published its practice guideline on 
the role of ultrasound in screening for and follow-up of PE.165

FIGO acknowledges and endorses the guidance from ISUOG with 
regard to UTPI measurement methodology.

5.3.5 | Combined risk assessment

Best practice recommendation: Published algorithms should be used 
for converting the measured values of MAP, PLGF, and UTPI, with or 
without PAPP-A, into MoMs as detailed above. Patient-specific risk 
for preterm PE is calculated using the Bayes-based method. The risk 
calculator is available free of charge on the webpage https://fetalmedi-
cine.org/research/assess/preeclampsia and on the FMF mobile app. It 
is also available on medical records software. A woman is considered 
high risk when the risk is greater than or equal to 1 in 100 based on the 
first-trimester combined test with maternal risk factors, MAP, PLGF, 
and UTPI.1,136,171

Quality of evidence
Strength of 
recommendation

High ⊕⊕⊕⊕ Strong

Best practice recommendation: Based on existing evidence, the first-
trimester combined test is most predictive of preterm PE but not term 
PE. The best model is the one that combines maternal risk factors 

with MAP, PLGF, and UTPI. The performance of screening for pre-
term PE of various combinations of the first-trimester test, based 
on data from three previously reported prospective nonintervention 
screening studies, including a combined total of 61 174 singleton 
pregnancies, including 1770 (2.9%) that developed PE, is illustrated 
in Table 4.

Quality of evidence
Strength of 
recommendation

High ⊕⊕⊕⊕ Strong

Pragmatic practice recommendation: Where it is not possible to 
measure the biochemical markers and/or UTPI, the baseline screening 
test should be a combination of maternal risk factors with MAP, and 
not maternal risk factors alone. PAPP-A is useful if measurements of 
PLGF and UTPI are not available These variations to the combined 
test would lead to a reduction in the performance screening.

Quality of evidence
Strength of 
recommendation

Moderate ⊕⊕⊕O Conditional

As demonstrated above, biomarkers are best used in the combina-
tion strategy for the prediction of PE. A recent systematic review has 
been conducted to evaluate the performance of simple risk models 

T A B L E   4  Detection rates, at screen-positive rate of 10%, of preterm PE and term PE by maternal factors, biomarkers, and their 
combination.a

Method of screening
Risk cut-off for PE 
<37 wk

Preterm PE Term PE

AUC DR % (95% CI) AUC DR % (95% CI)

Maternal risk factors 1 in 62 0.788 44.8 (40.5–49.2) 0.735 33.5 (31.0–36.2)

Maternal risk factors plus

MAP (baseline) 1 in 61 0.841 50.5 (46.1–54.9) 0.776 38.2 (35.6–40.9)

UTPI 1 in 60 0.853 58.4 (54.0–62.7) 0.733 35.2 (32.6–37.8)

PAPP-A 1 in 61 0.810 48.5 (44.1–52.9) 0.734 35.2 (32.7–37.9)

PLGF 1 in 62 0.868 60.6 (56.3–64.9) 0.745 34.5 (32.0–37.2)

MAP, UTPI 1 in 61 0.891 68.4 (64.1–72.3) 0.772 41.4 (38.8–44.2)

MAP, PAPP-A 1 in 60 0.855 55.8 (51.4–60.1) 0.774 39.1 (36.4–41.8)

MAP, PLGF 1 in 65 0.895 66.1 (61.8–70.2) 0.777 39.3 (36.7–42.0)

UTPI, PAPP-A 1 in 60 0.861 59.2 (54.8–63.5) 0.735 36.3 (33.7–39.0)

UTPI, PLGF 1 in 62 0.892 66.9 (62.7–70.9) 0.744 36.9 (34.3–39.6)

PLGF, PAPP-A 1 in 62 0.869 63.5 (59.2–67.6) 0.745 35.7 (33.1–38.4)

MAP, UTPI, PAPP-A 1 in 61 0.896 68.2 (63.9–72.1) 0.773 40.6 (37.9–43.3)

MAP, PAPP-A, PLGF 1 in 65 0.896 67.3 (63.1–71.3) 0.777 39.3 (36.7–42.0)

MAP, UTPI, PLGF 1 in 66 0.915 74.8 (70.8–78.5) 0.776 41.0 (38.3–43.7)

UTPI, PAPP-A, PLGF 1 in 63 0.892 68.2 (63.9–72.1) 0.745 36.9 (34.3–39.6)

MAP, UTPI, PAPP-A, PLGF 1 in 66 0.916 74.8 (70.8–78.5) 0.777 41.3 (38.7–44.1)

Abbreviations: PE, pre-eclampsia; AUC, area under curve; DR, detection rate; MAP, mean arterial pressure; UTPI, uterine artery pulsatility index; PAPP-A, 
pregnancy-associated plasma protein A; PLGF, placental growth factor.
aAdapted with permission granted by Wiley, from Tan et al.138

https://fetalmedicine.org/research/assess/preeclampsia
https://fetalmedicine.org/research/assess/preeclampsia
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(maternal characteristics only) versus specialized models that include 
specialized tests such as the measurement of MAP, UTPI, and/or 
maternal biochemical markers for the prediction of PE. Seventy mod-
els from 29 studies have been identified (17 models to predict PE, 31 
models to predict early-onset PE, and 22 models to predict late-onset 
PE). Among them, 22 were simple models while 48 were classified as 
specialized models. Comparing the simple and specialized models, the 
latter performed better than the simple models in predicting early- and 
late-onset PE, achieving an additional 18% (95% CI, 0–56) in detection 
rate for the prediction of PE at a fixed false-positive rate of 5% or 
10%.172 Therefore, a combination of various tests rather than a single 
test is recommended for the prediction of PE.

5.3.6 | Contingent screening

Pragmatic practice recommendation: Where resources are limited, 
routine screening for preterm PE by maternal factors and MAP in all 
pregnancies and reserving measurements of PLGF and UTPI for a sub-
group of the population, selected on the basis of the risk derived from 
screening by maternal factors and MAP alone can be considered (Fig. 4).

Quality of evidence
Strength of 
recommendation

Moderate ⊕⊕⊕O Conditional

In a prospective screening study including more than 120 000 
singleton pregnancies, the performance of screening for preterm PE 
by this two-stage strategy was examined. At a fixed screen-positive 
rate of 10%, a detection rate of 71% was achieved by this two-stage 
screening, with screening by maternal factors and MAP, based on the 
above-described combined algorithm, at 11+0–13+6 weeks of gesta-
tion in the first stage and reserving measurement of PLGF and UTPI 
for the second stage and for 30% of the population.173

5.3.7 | Multiple pregnancies

Pragmatic practice recommendation: The same first-trimester com-
bined test for PE in singleton pregnancies can be adapted for screen-
ing in twin pregnancies. It leads to the detection of nearly all affected 
cases of PE but at a high screen-positive rate.

Quality of evidence
Strength of 
recommendation

Moderate ⊕⊕⊕O Conditional

In a prospective screening study for PE in 2219 twin pregnancies 
undergoing routine first-trimester combined screening for aneuploidy 
and subsequently delivering two phenotypically normal live or still-
born babies at greater than or equal to 24 weeks of gestation, the inci-
dence of PE in dichorionic and monochorionic twin pregnancies was 
shown to be increased by four-fold and three-fold, respectively.174 
In twin pregnancies that developed PE, the values of MAP and UTPI 
were increased and the values of PLGF and PAPP-A were decreased. 
The distributions of log10 MoM values of biomarkers with gestational 
age at delivery were similar to those that were previously reported 
in singleton pregnancies and it was therefore decided that the same 
first-trimester combined test for singleton pregnancies could be appli-
cable to twin pregnancies. In a mixed population of singleton and twin 
pregnancies, combined screening by maternal factors, MAP, UTPI, and 
PLGF and at a risk cut-off of 1 in 75 for preterm PE, the detection rates 
of preterm PE and all PE in singleton pregnancies were 77% and 57%, 
respectively, at a screen-positive rate of 13%; the respective rates 
for twin pregnancies were 99% and 97%, at a screen-positive rate of 
75%.174 The addition of PAPP-A did not improve the performance of 
screening.

F I G U R E   4  Two-stage screening strategy for preterm PE in which 
the whole population undergoes first-stage screening by maternal 
factors and MAP and a selected proportion of those considered to 
be at intermediate risk undergo second-stage screening by PLGF and 
UTPI. Adapted with permission granted by Wiley, from Wright et al.173

Total population 

First-stage screening

Screen positive

Screen positive

Second-stage 
screening

Screen negative

Screen negative
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6  | FIRST TRIMESTER PREVENTION OF 
PRETERM PRE-ECLAMPSIA

The current approach to prevention of PE is to commence low-
dose aspirin at 75 mg or 81 mg daily in high-risk women as locally 
defined.2–4,16,128 Low-dose aspirin treatment in pregnancy is thought 
to prevent the development of PE by inhibiting the biosynthesis of 
placental thromboxane A2 with minimal effects on vascular prostacy-
clin levels.175 The enzyme cyclooxygenase plays a pivotal role in the 
production of both prostacyclin and thromboxane A2. Aspirin inhib-
its endothelial cyclooxygenase176 and this process is irreversible in 
platelets, where the enzyme is inhibited for their entire lifespan. In 
contrast, when the enzyme is resynthesized in endothelial cells, the 
prostacyclin production is re-established relatively rapidly. This selec-
tive inhibition of cyclooxygenase and the resulting alteration in the 
prostacyclin to thromboxane A2 ratio in the placenta forms the basis 
of using aspirin to prevent or delay the onset of PE.

Crandon and Isherwood177 demonstrated that nulliparous women 
who had taken aspirin more than once a fortnight throughout preg-
nancy had a lower risk of PE than those who had no reported his-
tory of aspirin consumption. In 1985, an open-label randomized trial 
showed that among women at risk for PE or FGR, based on obstetric 
history, pregnancies in women who received 300 mg of dipyridamole 
and 150 mg of aspirin beginning at 12 weeks of gestation until deliv-
ery were not complicated by PE, fetal loss, and severe FGR compared 
with those in the nonintervention group.178 A landmark meta-analysis, 
including 31 randomized trials of PE prevention, including 32 217 
pregnancies, showed that patients who received antiplatelet agents 
especially aspirin for the prevention of PE, had a 10% reduction of PE 
(RR 0.90; 95% CI, 0.84–0.97), preterm birth before 34 weeks of gesta-
tion, and serious adverse pregnancy outcomes (PE, delivery <34 weeks 
of gestation, SGA babies, fetal or maternal death).179 Bujold et al.180 
showed that low-dose aspirin started at less than or equal to 16 weeks 
of gestation in women at risk of PE had a substantial reduction in the 
rate of PE (RR 0.47; 95% CI, 0.34–0.65). However, aspirin started after 
16 weeks of gestation did not decrease the rate of PE (RR 0.81; 95% 
CI, 0.87–1.10).180 Subsequent meta-analyses consistently showed 
that administration of low-dose aspirin (50–150 mg/d) at less than or 
equal to 16 weeks of gestation to women at risk of PE had a significant 
reduction in PE, in particular preterm PE (RR 0.22; 95% CI, 0.080–
0.567).181 Additionally, these meta-analyses highlighted that addi-
tional benefits from early aspirin prophylaxis include a 50% reduction 
in the risk of FGR and a 60% reduction in the risk of perinatal death.180 
These results have stimulated the need for a prospective randomized 
trial to evaluate the potential benefit of aspirin in preventing PE.

This evidence has been provided by the ASPRE trial (Project 
#601852; EudraCT number 2013-003778-29; ISRCTN13633058; 
www.aspre.eu). The ASPRE trial shows that the rate of delivery with 
preterm PE can be reduced by 62% by aspirin started at 11–14 weeks 
of gestation in high-risk women.182 The ASPRE trial was designed to 
test the hypothesis that aspirin at a dose of 150 mg per night from 
11 to 14 weeks until 36 weeks of gestation, compared with placebo, 

would result in halving the incidence of preterm PE. In this multi-
center, double-blind, placebo-controlled trial, women with singleton 
pregnancies identified as being at high-risk of preterm PE by means 
of the first-trimester combined test were randomized to receive 
aspirin (150 mg per night) versus placebo from 11–14 weeks until 
36 weeks of gestation. Preterm PE occurred in 1.6% (13/798) of par-
ticipants in the aspirin group, compared with 4.3% (35/822) in the 
placebo group (OR in the aspirin group, 0.38; 95% CI, 0.20–0.74). 
However, there was no significant reduction in the rate of term PE 
with the use of aspirin prophylaxis (OR in the aspirin group, 0.95; 
95% CI, 0.57–1.57). The proportion of prescribed tablets taken was 
used as an overall measure of adherence. Adherence was good, with 
reported intake of more than 85% of the required number of tablets 
in 80% of participants. There were no significant between-group 
differences in adverse events. There was no statistically significant 
difference in the rate of vaginal bleeding (3.6% vs 2.6%) and upper 
gastrointestinal (GI) symptoms (7.4% vs 7.1%) between placebo and 
aspirin groups. In particular, the rates of vaginal bleeding (4.8% vs 
2.9%) and upper GI symptoms (6.8% vs 6.4%) were not significantly 
different in women who were of normal weight versus women who 
were overweight in the aspirin arm.

Further, a secondary analysis of data of 1620 participants with 
1571 liveborn neonates showed that the total length of stay in NICU 
was substantially longer in the placebo than in the aspirin group (1696 
vs 531 days). This reflected significantly shorter mean lengths of stay 
in babies admitted to the NICU in the aspirin group compared with the 
placebo group (11.1 vs 31.4 days; a reduction of 20.3 days).183 Overall, 
in the whole population, including zero lengths of stay for those that 
were not admitted to the NICU, the mean length of stay was longer in 
the placebo than in the aspirin group (2.06 vs 0.66 days; reduction of 
1.4 days). This corresponded to a reduction in length of stay by 68%.183

Results from the ASPRE trial provide definitive evidence that effec-
tive screening for preterm PE can be achieved with a combined test of 
maternal factors and biomarkers at 11–13 weeks and aspirin treatment 
from the first trimester of pregnancy can significantly reduce the risk 
of developing preterm PE. Furthermore, in pregnancies at high risk of 
preterm PE, administration of aspirin reduces the length of stay in the 
NICU by 68%. The findings have implications for both short- and long-
term savings as well as infant survival, disability, and human capital.

FIGO makes the following recommendation for early prevention 
of preterm PE:

Best practice recommendation: Following the first-trimester screen-
ing and assessment for preterm PE, women identified at high risk 
should receive aspirin prophylaxis commencing at 11–14+6 weeks 
of gestation at a dose of ~150 mg to be taken every night until 
either 36 weeks of gestation, when delivery occurs, or when PE is 
diagnosed.171

Quality of evidence
Strength of 
recommendation

High ⊕⊕⊕⊕ Strong

http://www.aspre.eu
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This recommendation is supported by the evidence from the 
ASPRE trial.182 The choice for recommending night-time consump-
tion of low-dose aspirin is based on the results from a randomized, 
double-blind, placebo-controlled, chronotherapy trial on 350 high-risk 
women. This trial demonstrated that women taking low-dose aspirin 
at 100 mg, compared with placebo, had a significantly lower hazard 
ratio (HR) of serious adverse outcomes, a composite of PE, preterm 
birth, FGR, and IUFD (HR 0.35; 95% CI, 0.22–0.56) and that the event 
rate of serious adverse outcomes was significantly lower in women 
taking low-dose aspirin in the evening, compared with in the morning 
and afternoon (HR 0.19; 95% CI, 0.10–0.39).184

The latest systematic review and meta-analysis, which included 
16 randomized controlled trial studies for a total of 18 907 partic-
ipants, demonstrated that administration of aspirin was associated 
with a reduction in the risk of preterm PE (RR 0.62; 95% CI, 0.45–
0.87). However, there was no significant effect on term PE (RR 0.92; 
95% CI, 0.70–1.21). Only the subgroup in which aspirin was started 
at less than or equal to 16 weeks of gestation at a dose of greater 
than or equal to 100 mg/d was associated with a reduction in the 
frequency of preterm PE (RR 0.33; 95% CI, 0.19–0.57; P=0.0001). 
Aspirin started after 16 weeks or administered in a daily dose of less 
than 100 mg was not associated with a significant reduction in rates 
of preterm or term PE.185 Suggested aspirin dosages are provided in 
Table 5.

Low-dose aspirin is defined as dosage of less than 300 mg/d. In 
1979, Masotti et al.186 demonstrated that aspirin 2.5–3.5 mg/kg is 
the required dosage to produce a consistent inhibition of platelet 
aggregation with slight inhibition of prostaglandin production. The 
recommended dosage of 150 mg/d would be sufficient for an average 
woman with a weight of 65 kg at booking.

Pragmatic practice recommendation: Where it is not possible to 
source the above suggested aspirin regime, the minimum dosage of 
aspirin to be prescribed to high-risk women should be 100 mg/d.

Quality of evidence
Strength of 
recommendation

Moderate ⊕⊕⊕O Conditional

Best practice recommendation: High-risk women must be informed 
and counselled about the importance of treatment adherence and 
assessed for compliance at each prenatal visit.

Quality of evidence
Strength of 
recommendation

High ⊕⊕⊕⊕ Strong

In a secondary analysis of data from the ASPRE trial, the influ-
ence of adherence on the beneficial effect of aspirin in prevention 
of preterm PE was evaluated. The choice of cut-off for good com-
pliance was redefined as greater than 90%, which was based on an 
exploratory analysis of the treatment effect. Preterm PE occurred 
in 5/555 (0.9%) participants in the aspirin group with adherence 

greater than or equal to 90%, in 8/243 (3.3%) of participants in the 
aspirin group with adherence less than 90%, in 22/588 (3.7%) of 
participants in the placebo group with adherence greater than or 
equal to 90%, and in 13/234 (5.6%) of participants in the placebo 
group with adherence less than 90%. The OR in the aspirin group 
for preterm PE was 0.24 (95% CI, 0.09–0.65) for adherence more 
than 90% and 0.59 (95% CI, 0.23–1.53) for adherence less than 
90%. The beneficial effect of aspirin in preventing preterm PE is 
dependent on adherence.187 In addition, there was no evidence of 
heterogeneity in the aspirin effect in subgroups defined according 
to maternal characteristics and obstetric history, with the excep-
tion of chronic hypertension. In women with chronic hypertension, 
preterm PE occurred in 10.2% (5/49) in the aspirin group and in 
8.2% (5/61) in the placebo group (adjusted OR 1.29; 95% CI, 0.33–
5.12); the respective values in those without chronic hypertension 
were 1.1% (8/749) in the aspirin group and 3.9% (30/761) in the 
placebo group (adjusted OR 0.27; 95% CI, 0.12–0.60). Prophylactic 
aspirin may not be as effective in lowering preterm PE risk in 
women with chronic hypertension compared with other high-risk 
groups. Further, in women with adherence of more than 90% the 
adjusted OR in the aspirin group was 0.24 (95% CI, 0.09–0.65), in 
the subgroup with chronic hypertension it was 2.06 (95% CI, 0.40–
10.71), and in those without chronic hypertension it was 0.05 (95% 
CI, 0.01–0.41).

Pragmatic practice recommendation: If vaginal spotting occurs it 
must be duly assessed but does not necessitate stopping aspirin 
prophylaxis.

Quality of EVIDENCE
Strength of 
recommendation

High ⊕⊕⊕⊕ Strong

Several systematic reviews of randomized controlled trials have 
demonstrated that the use of low-dose aspirin during pregnancy is 
not associated with hemorrhagic complications.179,188,189 The study 
by the US Preventive Services Task Force, which included more than 
23 000 pregnant women, showed that the risk of placental abrup-
tion (RR 1.17; 95% CI, 0.93–1.48) and postpartum hemorrhage (RR 
1.02; 95% CI, 0.96–1.09) did not significantly increase with the use 

T A B L E   5  Proposed aspirin regime for preterm pre-eclampsia 
prevention.

Maternal 
weight, kg

Daily required 
dosage, mg Administration, mg

<40 100 1 × 100

≥40 ~150 2 × 60 
2 × 75 
2 × 81 
1 × 100 + ½ × 100 (discard the 
other half) 
½ × 300 (discard the other half)
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of aspirin.188 In addition, women who were exposed to low-dose aspi-
rin during pregnancy had similar mean blood loss to those who were 
not exposed to low-dose aspirin.188 A recent meta-analysis involving 
12 585 pregnant women showed that the use of aspirin at less than 
100 mg/d or greater than or equal to 100 mg/d, regardless of initia-
tion time (≤16 or >16 weeks), was not associated with an increased 
risk of placental abruption or prepartum hemorrhage.190 In the ASPRE 
trial, women exposed to aspirin did not have increased risk of bleeding 
adverse events.136 During the trial, women with vaginal spotting were 
not advised to stop the trial medication.

Best practice recommendation: In women with low calcium intake 
(<800 mg/d), either calcium replacement (≤1 g elemental calcium/d) 
or calcium supplementation (1.5–2 g elemental calcium/d) may reduce 
the burden of both early- and late-onset PE.191

Quality of evidence
Strength of 
recommendation

Low ⊕⊕OO Conditional

PE was reduced consistently with low-dose calcium with or with-
out co-supplements (nine trials, 2234 women, RR 0.38; 95% CI, 0.28–
0.52), as well as for subgroups: low-dose calcium alone (four trials, 980 
women, RR 0.36; 95% CI, 0.23–0.57); low-dose calcium plus linoleic 
acid (two trials, 134 women, RR 0.23; 95% CI, 0.09–0.60); low-dose 
calcium plus vitamin D (two trials, 1060 women, RR 0.49; 95% CI, 0.31–
0.78); and a trend for low-dose calcium plus antioxidants (one trial, 60 
women, RR 0.24; 95% CI, 0.06–1.01). Overall results were consistent 
with the single quality trial of low-dose calcium alone (171 women, RR 
0.30; 95% CI, 0.06–1.38). For high-dose calcium, the average risk of 
high blood pressure was reduced with calcium supplementation versus 
placebo (12 trials, 15 470 women, RR 0.65; 95% CI, 0.53–0.81). There 
was a reduction in the average risk of PE associated with calcium sup-
plementation (13 trials, 15 730 women, RR 0.45; 95% CI, 0.31–0.65). 
The effect was greatest for women with low baseline calcium intake 
(eight trials, 10 678 women, RR 0.36; 95% CI, 0.20–0.65) and those 
selected as being at high risk (five trials, 587 women, RR 0.22; 95% CI, 
0.12–0.42). The variable methods of selecting women as being at high 
risk limit the clinical usefulness of these pooled results.191

Pragmatic practice recommendation: In high-risk women who are sen-
sitive or allergic to aspirin, and in the absence of other proven inter-
ventions, close vigil and expectant management are appropriate. These 
include frequent clinic blood pressure and/or home blood pressure 
monitoring to ensure early diagnosis of PE. The purported benefit of 
other treatments, such as heparin, vitamins C and E, magnesium, folate, 
metformin, and statin for prophylaxis of preterm PE is not yet based on 
credible evidence and their use solely for the purpose of preventing 
preterm PE in pregnancy is neither justified nor recommended.192–198

Quality of evidence
Strength of 
recommendation

Very Low ⊕OOO Conditional

Pragmatic practice recommendation: In women with multiple preg-
nancies, the use of low-dose aspirin for the prevention of PE may be 
considered; however, more research is required to demonstrate a high 
level of evidence.

Quality of evidence
Strength of 
recommendation

Very Low ⊕OOO Conditional

The latest systematic review and meta-analysis of six randomized 
controlled trials, including 898 pregnancies, demonstrated a signifi-
cant reduction in the risk of PE (RR 0.67; 95% CI, 0.48–0.94) and mild 
PE (RR 0.44; 95% CI, 0.24–0.82) but not severe PE (RR 1.02; 95% CI, 
0.61–1.72) with low-dose aspirin. The risk of SGA was not changed 
(RR 1.09; 95% CI, 0.80–1.47). The reduction of PE was not different 
between women randomized before (RR 0.86; 95% CI, 0.41–1.81) or 
after 16 weeks of gestation (RR 0.64; 95% CI, 0.43–0.96; P=0.50). The 
authors concluded that there is a low level of evidence supporting the 
use of low-dose aspirin for the prevention of PE and SGA neonates in 
multiple gestations.199

The FIGO initiative for PE is meant to provide a practical and prag-
matic guide for national associations to adopt and promote a uniform 
approach to predicting and preventing preterm PE for all countries and 
regions based on their financial, human, and infrastructure resources. 
A pathway for preterm PE prevention and screening is shown in 
Figure 5.

•	 FIGO adopts and supports the Fetal Medicine Foundation 
position that all pregnant women should be screened for pre-
term pre-eclampsia by the first-trimester combined test with 
maternal risk factors, mean arterial pressure, uterine artery 
pulsatility index, and placental growth factor as a one-step 
procedure.

•	 FIGO adopts and supports the Fetal Medicine Foundation posi-
tion that in high-risk women, defined by the first-trimester com-
bined test, aspirin ~150 mg/night should be commenced at 
11–14+6 weeks of gestation until either 36 weeks of gestation, 
when delivery occurs, or when pre-eclampsia is diagnosed.

•	 Given the resource constraints in low/middle-income countries, 
variations of the first-trimester combined test should be consid-
ered but the baseline test should be maternal risk factors com-
bined with mean arterial pressure.

•	 FIGO encourages all countries and its member associations to 
adapt and promote strategies to improve access to prenatal ser-
vices and encourage early booking.

•	 FIGO encourages all countries and its member associations to 
ensure that risk assessment and resource-appropriate testing 
for preterm pre-eclampsia become an integral part of routine 
first-trimester evaluation protocol offered at all maternal health 
services.
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F I G U R E   5  Pathway of preterm pre-eclampsia screening and prevention.
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7  | RESOURCE-BASED APPROACH 
TO SCREENING

Implementation of guidelines is a constant challenge. The reality is 
that most low-resource countries around the world are unable to 
implement a first-trimester screening program for preterm PE based 
on the combined test.

Recommendations that are rigid and impractical in real-life settings 
are unlikely to be implemented and hence may produce little or no 
impact. On the other hand, pragmatic but less than ideal recommen-
dations may produce significant impact owing to more widespread 
implementation.

The FIGO approach is three pronged: (1) to promote, encourage, 
and advocate ideal evidence-based guidance; (2) to offer pragmatic 
options for resource-constrained situations based on local experience 
backed by less than optimal evidence; and (3) to promote research 
aimed at improving the evidence base in both well-resourced and 
resource-constrained contexts.

FIGO recommendations are based on available resources at coun-
try level and evidence of local practice. Countries worldwide fall into 
four resource categories. There are also variations seen within any 
country. An affluent country may have pockets of poorly funded care 
and, conversely, a low- or middle-resource country may have “state of 
the art” care in the private sector for a selected few.

High-resource countries: Includes countries or regions like North 
America, Western Europe, Japan, South Korea, Australia, etc.

Upper/middle-resource countries: Includes countries like Brazil, 
China, Colombia, Hungary, Malaysia, Mexico, Romania, South Africa, 
Turkey, etc.

Low/middle-resource countries: Includes countries like India, 
Indonesia, Pakistan, Nigeria, Egypt, Vietnam, the Philippines, etc.

Low-resource countries: Includes countries like Bangladesh, 
Nepal, Cambodia, Kenya, Tanzania, Uganda, Ethiopia, Congo, Sierra 
Leone, etc.

In low- and middle-income countries where resources are limited, 
variations of the first-trimester combined test can be considered but 
the baseline test is one that combines maternal risk factors with MAP. 
In the absence of one or two of the biomarker(s), risk calculation can 
still be done but the detection rates for preterm PE will be reduced, 
in turn leading to a reduction in the treatment effect size by aspirin 
prophylaxis but may make the treatment economically feasible.

As 99% of serious morbidity occurs in low- and middle-income 
settings, any prediction and prevention strategies need to be applied 
in these settings to impact on the global burden. An estimated 
70 000 women die each year from PE. Low-  and middle-income 
countries are disproportionately affected by avoidable maternal 
deaths, with 84% of mortalities occurring in Sub-Saharan Africa and 
Southern Asia.200 Regional variation in hypertension disorders in 
pregnancy as a cause of maternal mortality is also seen, with the 
highest burden in Latin America and the Caribbean, where these 
disorders are responsible for 22% of deaths compared with 14% 
globally. For every woman that dies, another 20 suffer life-altering 
morbidity.

Prediction and prevention of PE is an important goal in reducing 
avoidable mortality and morbidity on a global scale but enabling this in 
diverse health systems remains a challenge. Prediction models based 
on early maternal characteristics to improve risk stratification require 
contact with healthcare services in the first trimester. A systematic 
analysis of early prenatal care visits between 1990 and 2013 showed 
that although worldwide coverage increased by 40%, in 2013 only 24% 
of visits were in low-income countries compared with 82% in high-
income countries.201 Although progress in coverage of prenatal care is 
improving over time, it remains far from universal. Further understand-
ing of contextual factors influencing barriers to prenatal care such 
as acceptability, affordability, and geographical accessibility is crucial 
when considering approaches to improve quality and coverage of care.

Community outreach strategies such as mobile clinics are an exam-
ple of attempts to increase coverage; however, quality of care in these 
settings has rarely been evaluated. A cross-sectional study comparing 
quality of prenatal care between fixed and mobile clinics in Haiti found 
low referral rates, with 95% of women found to be hypertensive not 
being referred to a higher level of care to screen for proteinuria.202 This 
highlights the need to focus on provider education, consistent adher-
ence to clinical guidelines, and improvement in referral pathways.

A health systems approach must be advocated for, particularly 
in low-  and middle-income countries where systems are weakest. 
Concentrating solely on delivery of health services or new technol-
ogies aimed at risk prediction is unlikely to work alone to reduce the 
burden of mortality and morbidity. However, it remains an import-
ant goal and must be accompanied by necessary pathways to deliver 
effective prophylaxis, such as with aspirin. Although affordable, edu-
cation and prescribing/delivery pathways must be established if this 
strategy is to be effective. Workforce, availability of essential drugs, 
information systems, governance, and financing therefore must also 
be addressed.

Priorities for under-resourced settings may be focused around the 
availability of accurate, functional blood pressure monitoring devices; 
facility for assessment of risk such as proteinuria; training of staff (par-
ticularly if ultrasound is to be used for screening), including for appro-
priate escalation and management; ensuring reliable supply chains for 
the provision of aspirin, antihypertensives, and magnesium sulphate; 
and the availability of laboratory services. This will need to be in paral-
lel with any strategy to implement prevention.

Cost-effectiveness of an early PE prediction and prevention 
approach has been evaluated in high-income countries and has 
shown substantial cost saving.203 However, in low-  and middle-
income countries, multiple system-level barriers exist that impact 
implementation, evaluation, and sustainability of such approaches. 
Economic analysis of basic screening devices such as blood pres-
sure monitors and urine dipsticks for use in low-resource settings 
has shown that simple devices are most cost-effective.204 The more 
sophisticated tools for first-trimester screening must be evalu-
ated in this context. More work is required to evaluate the balance 
between better detection versus cost of screening with current suc-
cessful prediction algorithms, and treatment pathways when applied 
to a low-income setting.
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A key barrier to early prediction and prevention of PE in low-
resource settings is the delayed first prenatal visit or even contact 
with a healthcare worker. Further, in many places blood pressure is 
not being measured at all. More efforts to raise awareness of the 
benefits of an early prenatal visit (targeted at women of reproduc-
tive age, primary healthcare workers, women's self-help groups, 
etc.), coupled with skills development of primary healthcare pro-
viders on risk assessment, accurate blood pressure measurement, 
counselling skills, and ensuring aspirin availability and adherence to 
treatment and follow-up will have a far greater impact on PE out-
comes than making more advanced testing technology and protocols 
available. Integrating PE risk assessment as an integral part of basic 

first-trimester evaluation protocol (measuring weight, blood pres-
sure, hemoglobin, blood sugar, etc.) will go a long way to improve 
implementation.

•	 All countries have an obligation to implement the best pre-
eclampsia testing and management practices they can.

•	 FIGO acknowledges that for global progress to be made, India, 
China, Nigeria, Pakistan, the Philippines, Indonesia, Bangladesh, 
Brazil, and Mexico must be key targets for focused pre-eclamp-
sia attention.



26  |     Poon ET AL.

8  | COST-EFFECTIVENESS OF PRE-
ECLAMPSIA SCREENING

It is well established that significant healthcare resources have to be 
invested to prevent morbidity and mortality related to PE and that, 
as a consequence, both maternal and neonatal costs are inflated 
compared with an uncomplicated pregnancy. Given the relative 
frequency of PE, these costs are significant for the healthcare sys-
tem and the widespread implementation of a prediction/prevention 
strategy would help ease this burden. As the best tests for predic-
tion involve a multivariate model that includes several investiga-
tive tools, many consider screening to be complex and expensive. 
It is therefore important to first recognize the current costs of PE, 
and the potential benefit in spending a fraction of the sum that 
would be recouped through effective prevention on comprehensive 
screening.

The reported costs of PE do vary depending on the jurisdic-
tion. Examples of costs include those reported within the USA and 
Irish healthcare systems. A review of billing data collected by the 
Californian Medi-Cal healthcare program estimated the cost of an 
uncomplicated vaginal delivery to be US $4500 in 2011 (US $4900 
based on Consumer Price Index to 2017).205 The average incre-
mental cost for a pregnancy complicated by hypertensive disease 
was US $8200, with an estimated total incremental cost for all 
Californian births of more than US $200 million. Costs were high-
est for women who had severe disease requiring delivery at early 
(<34 weeks) gestations. In this cohort, the incremental cost was 
US $70 100 per pregnancy. Although costs for an uncomplicated 
delivery were reported to be lower in Ireland (US $3000) there was 
a similar increase in cost for pregnancies affected by PE (increment 
of US $3300).206

Through linkage of the maternal and neonatal datasets, it is possi-
ble to show that the predominant driver for increased costs in preterm 
birth is neonatal care.207 While costs of maternal care rise 2.7-fold 
for women who need to be delivered before 32 weeks of gestation, 
costs of neonatal care increase 35-fold. Preterm birth impacts just 8% 
of the population but it is responsible for 61% of all costs. Delivery 
before 32 weeks of gestation affects just 1% of infants but is responsi-
ble for 36% of obstetric costs. A third Californian dataset showed that 
these margins hold true for PE as well as other adverse outcomes. In 
this series the cost burden was US $1311 at 36 weeks compared with 
US $150 000 at 26 weeks of gestation.208 The authors suggested that 
the annual burden of PE to the USA in 2012, including care of mother 
and child for the first 12 months after delivery, was US $2.18 billion.

A systematic review of the literature showed that there are only 
four cost-effective analyses that focus on interventions for preven-
tion of PE. Three of these examined the impact of aspirin, the fourth 
focused on the potential value of calcium supplementation.

The first paper to assess the economic value of a comprehensive 
first-trimester screening tool (using maternal characteristics, the bio-
markers placental protein 13 and PLGF and UTPI) described three end 
points: the prevalence of PE, costs until discharge after delivery, and 
incremental cost per quality-adjusted life-year (QALY) to avoid perinatal 

death.209 The authors were not prescriptive about the intervention, sug-
gesting that low-dose aspirin, calcium, or vitamin supplementation could 
be used—either alone or in combination—and using sensitivity analysis 
to demonstrate differential effect. The authors defined costs based on 
the Israeli healthcare system and also demonstrated that cost benefit 
was affected by prevalence of disease. Using these models, the authors 
concluded that screening for PE was effective in various scenarios.

Werner et al.210 used a decision model to determine which one of 
four potential strategies for prevention of PE was most cost-effective. 
Treatment involved either no prophylaxis, provision of aspirin to 
women deemed high risk in accordance with ACOG guidelines or the 
US Preventative Services Task Force recommendations, or universal 
prophylaxis.17,129 Costs were based on US healthcare prices. The model 
showed that both the US Preventative Services Task Force approach 
and universal prophylaxis led to a similar and significant reduction in 
the prevalence of PE; the major difference being that 76.5% of women 
would not be prescribed aspirin using the former approach. The authors 
suggested rolling out either of these policies to all four million pregnant 
women in the USA as this would result in cost savings of approximately 
US $370 million (similar using either approach).

The cheap nature of the intervention (aspirin) makes a policy of 
universal screening attractive and easy to advocate. It is, however, 
important to recognize that although aspirin is currently recommended 
for prophylaxis, only a minority of high-risk women are treated, with 
medication starting at an appropriate time point.211 Secondly, there 
is no high-quality evidence demonstrating that a policy of universal 
prophylaxis works. Thirdly, many pregnant women prefer to avoid tak-
ing medications when they are pregnant and compliance is likely to 
be poor. While the safety profile for aspirin is good, recent epidemi-
ological data suggest that this drug may be associated with a small 
increase in the risk of having an infant affected by cerebral palsy.212 
The relative risk for cerebral palsy is much lower than that associated 
with preterm birth, so this does not impact pregnancies deemed to be 
high risk through formal multivariate screening programs, but it should 
make clinicians more circumspect about universal prescription.

The ASPRE trial did not show a significant reduction in admission 
rates to the NICU (6.8% in controls vs 6.2% in high-risk women who 
were prescribed aspirin) but did show a significant reduction in the 
length of stay (31.4 days vs 11.1 days, respectively).183 This equated 
to a 68% reduction in the length of stay for the aspirin-treated group 
and an equivalent reduction in neonatal costs, which, as previously 
described, are the dominant costs in these models.

Prior to introducing first-trimester screening for PE, a Canadian 
group examined the potential cost benefit of screening with aspirin 
prophylaxis in high-risk women.203 The group used a decision anal-
ysis model assigning probabilities and associated costs at each node 
based on local published data and public databases. The intervention 
mimicked that described in ASPRE and this was compared to current 
standard of care (prescription of 81 mg aspirin based on maternal his-
tory). Sensitivity analysis was performed to vary the uptake of screen-
ing and the probability of being prescribed aspirin if found to be in 
a high-risk group. The model showed that first-trimester screening 
and prescription of aspirin to high-risk women led to both a reduction 
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in prevalence of disease and a CAD $14.4 million cost saving to the 
Canadian healthcare system. This saving was demonstrated despite 
the conservative nature of some of the costings. The cost of a mother/
infant being delivered at less than 34 weeks of gestation was only 
costed at CAD $13 268.21, therefore the cost savings from prevention 
of early-onset PE may be underestimated. The cost of first-trimester 
screening was estimated at CAD $668.84; however, in circumstances 
where first-trimester aneuploidy screening is performed this is likely 
lower (CAD $100 per test), which would lead to a cost reduction (and 
further saving to the health system) of an additional CAD $220 million 
per year.

A fourth cost-effectiveness analysis focused on calcium prophy-
laxis and used a decision analytic model to examine the impact of this 
treatment if prescribed to all pregnant women, to women identified 
as being high risk for PE, or to women with low dietary intake of cal-
cium.213 These three models led to corresponding reductions of dis-
ease prevalence of 25%, 8%, and 13%, respectively—all demonstrating 
cost savings ranging from €2 to 4.6 million per 100 000 pregnancies. 
Once again, the low cost of the intervention makes universal prophy-
laxis appealing.

None of these models have adequately considered the long-
term health effects of PE. While maternal cerebrovascular events 
are rare, Pourat et al.205 estimated a lifetime cost of US $659 156 

for such an event in a 25-year-old woman. Similarly, women who 
had PE have higher risks of other cardiovascular pathologies in mid-
dle age that may be avoided through effective first-trimester screen-
ing and prophylaxis. Preterm infants have significant risk of cerebral 
palsy and neurodevelopmental delay—disabilities that have an asso-
ciated estimated cost of US $38 250 per year.205 These children/
young adults also have higher risks of hypertension, type 2 diabetes, 
and metabolic syndrome—all associated with their own burdens and 
healthcare costs.

Further cost-effective analyses are needed to demonstrate the 
value of first-trimester screening in different populations, with differ-
ent disease prevalence and different models/costs of medical care. To 
this point, all models have suggested that the introduction of first-
trimester prediction and prevention dominates current screening 
strategies. This is largely driven by the cost savings associated with 
reduction of preterm delivery.

•	 FIGO considers early screening to be a measure that would 
most likely increase savings to the health system.

•	 FIGO calls for more cost-effective analyses to be conducted to 
show this benefit to policymakers.
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