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1 | EXECUTIVE SUMMARY

Pre-eclampsia is a multisystem disorder that 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. 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 hypertensive disorders of
pregnancy and pre-eclampsia compared with those in high-resource
countries. This is because socioeconomic, educational, and environ-
mental disadvantages have historically beset vulnerable communi-
ties, leading to nutritional disparities, poor-quality diet, obesity, and
diabetes (before and during pregnancy), thus increasing the rates of
pregnancy complications, in particular pre-eclampsia.

Pre-eclampsia has been traditionally defined as the onset of
hypertension accompanied by significant proteinuria after 20 weeks
of gestation. Recently, the definition of pre-eclampsia has been
broadened. Now the internationally agreed definition of pre-
eclampsia is that proposed by the International Society for the Study
of Hypertension in Pregnancy (ISSHP).

According to ISSHP, pre-eclampsia is defined as systolic
blood pressure at 2140 mmHg and/or diastolic blood pressure at
290 mmHg on at least two occasions measured 4 hours apart in
previously normotensive women and is accompanied by >1 of the

following new-onset conditions at or after 20 weeks of gestation:

e Proteinuria: 24-hour urine protein 2300 mg/day; spot urine pro-
tein/creatinine ratio 230 mg/mmolL or 20.3 mg/mg, or urine dip-
stick testing 22+

e Other maternal organ dysfunction:

- Acute kidney injury (creatinine 290 umol/L; >1.1 mg/dL);

- Liver involvement (such as elevated liver transaminases
>40 |U/L) with or without right upper quadrant or epigastric
pain;

- Neurological complications (including eclampsia, altered men-
tal status, blindness, stroke, or more commonly hyperreflexia
when accompanied by clonus, severe headaches, and per-
sistent visual scotomata);

- Hematological complications (thrombocytopenia-platelet
count <150 000/uL, disseminated intravascular coagulation,
hemolysis);

- Uteroplacental dysfunction (such as fetal growth restriction,

abnormal umbilical artery Doppler wave form or stillbirth).
Pre-eclampsia can be subclassified into:

1. Early-onset pre-eclampsia (with delivery at <34'° weeks of
gestation).

2. Preterm pre-eclampsia (with delivery at <37° weeks of gestation).

3. Late-onset pre-eclampsia (with delivery at >34%0 weeks of
gestation).

4. Term pre-eclampsia (with delivery at 237° weeks of gestation).

These subclassifications are not mutually exclusive. Early-
onset pre-eclampsia is associated with a much higher risk of short-
and long-term maternal and perinatal morbidity and mortality.
High-quality evidence has demonstrated that early-onset and
preterm pre-eclampsia can be effectively predicted by a Bayes-
based method-derived model that incorporates maternal factors
and a series of biological parameters measured at 11-13*¢ weeks
of gestation. When these high-risk women (with estimated risk
>1:100) are treated with 150 mg aspirin per night, from 11-
14%¢ weeks of gestation at a dose of approximately 150 mg to
be taken every night until 36*° weeks of gestation, the rates of
early-onset and preterm pre-eclampsia can be reduced by 80%
and 60%, respectively. FIGO (the International Federation of
Gynecology and Obstetrics) endorsed this first-trimester “screen
and prevent” strategy for pre-eclampsia and its pragmatic guid-
ance was published in 2019.

Current wider-scale antenatal care is based on healthcare models
developed in the early 20th century. In 1929 the UK Ministry of Health
issued a Memorandum on Antenatal Clinics, recommending that
women should first be seen at the 16th week of pregnancy and then
at 24 and 28 weeks, fortnightly until 36 weeks, and then weekly until
delivery. No explicit rationale was offered for the timing or clinical con-
tent of visits, yet these guidelines established the pattern of antenatal
care that has been followed throughout the world to the present day.

A common assumption has prevailed that antenatal care should
be concentrated around the third trimester of pregnancy, where
most complications clinically materialize and adverse outcomes can
be diagnosed. The current method of monitoring for pre-eclampsia
is based on this 90-year-old care pathway that requires that at every
clinical visit, women are assessed for hypertension and proteinuria.
However, even in the case of early-onset disease, this approach
detects hypertension and pre-eclampsia only at a late stage of pre-
sentation, which does not necessarily allow optimization of care
for both the mother and the fetus, namely stabilization of blood
pressure, prophylactic corticosteroid for fetal lung maturation, and
transferal to a tertiary referral unit prior to the need for immediate
delivery, which is the only definitive treatment for this disorder.

In the past decade, major efforts have been made to develop
tools for risk stratification and prediction of pre-eclampsia in high-
risk women, as well as short-term prediction in women presenting
with signs and symptoms of pre-eclampsia and those with confirmed
pre-eclampsia. FIGO brought together international experts to dis-
cuss and evaluate current knowledge on the topic and develop a
document to frame the issues and suggest key actions to address
the health burden posed by pre-eclampsia.

FIGO's objective, as outlined in this document, is: (1) to raise
awareness of the links between pre-eclampsia and poor mater-
nal and perinatal outcomes as well as of the future health risks to
mother and offspring, and demand a clearly defined agenda to tackle
this issue globally; and (2) to create a consensus document, which
provides guidance on prediction, risk stratification, monitoring, and
management of pre-eclampsia in the second and third trimester of
pregnancy, and to disseminate and encourage its use.
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9 | CHOICE OF AUTOMATED BLOOD PRESSURE MONITORS

Best practice advice

We recommend that if automated blood pressure devices are used, only automated blood
pressure devices that have been shown to be accurate in pregnancy and pre-eclampsia

should be used.

Due to the physiological cardiovascular adaptation in
pregnancy, oscillometric blood pressure devices are usually
inaccurate in pre-eclampsia and tend to underestimate blood
pressure. Therefore, only devices that have been shown to be
accurate in measuring blood pressure in pregnancy should be
relied upon. Validation will ensure both calibration and the soft-
ware/hardware correctly obtains an accurate measurement.!*®
A number of validation protocols have been published, includ-
ing by the British Hypertension Society, the European Society
of Hypertension, and the Association for the Advancement
of Medical Instrumentation. These protocols have recently
been incorporated into an International Organization for
Standardization standard. There are greater than 4000 devices
on the market and a small number are accurate in pregnancy.*!’
Devices that have been proven valid and accurate should be
used, given the consequences of inaccurate blood pressure
measurement during pregnancy. Box 2 demonstrates devices

that can be recommended.

9.1 | Blood pressure devices suitable for low-
resource settings

Mercury sphygmomanometry is no longer available. While aneroid
devices are used commonly, they may over- or underestimate blood
pressure,118 and they need to be regularly calibrated. Liquid-crystal
sphygmomanometery®’ is the best alternative. Alternatively, the
CRADLE VSA device (Microlife Corporation; Widnau, Switzerland)
has been validated for use in pregnancy, as well as in normotensive,
hypertensive, and hypotensive women, meeting the WHO's require-
ments for suitability for low- and middle-income countries.*?° It is
reasonably costed (USD $20), robust, easy to use, and can be port-
able. It does not require calibration. It can be used in both an aus-
cultatory or oscillometric function. It has low power requirements
as it is charged from a micro-USB charger. An early warning score
traffic light is triggered by raised blood pressure or an abnormal
shock index (pulse:systolic blood pressure). Healthcare profession-
als have given unanimously positive feedback for the traffic light
early warning system, and pregnant women unanimously agree.'?* A
stepped-wedge, cluster-randomized trial of the CRADLE VSA device

in 10 clusters in eight low- and middle-income countries found

Strength of
Quality of evidence recommendation
Moderate Strong
kkk O

Box 2 Blood pressure devices validated for use in
pregnancy and pre-eclampsia®!’?

Hospital/clinic
devices

Dinamap ProCare 400

A&D UM-101

Nissei DS-400

Omron HEM907

Welch Allyn QuietTrak (Ambulatory)
BP Lab (Ambulatory)

PAR Medizintechnik & Co. Physio-
Port (Ambulatory)

Omron M7 (HEM 780E)
Omron MIT

Omron MIT Elite

Omron HEM-9210T

Omron BP760N (HEM-7320-2)
Microlife WatchBP Home A
Microlife BP 3BTO-A

Microlife BP 3AS1-2

Microlife WatchBP Home A BT
Microlife WatchBP Home S
Microlife CRADLE VSA

Andon iHealth Track

Portable devices
(suitable for
home use)

@ The STRIDE BP website (https://www.stridebp.org/bp-
monitors) provides an updated list of validated blood pressure
monitors.

that introduction of the device in conjunction with an educational
package resulted in no significant benefit or harm (OR 1.22; 95%
Cl, 0.73-2.06; P = 0.45) as the intercluster variation was too great
to demonstrate any effect.’?? However, a composite of maternal
outcome (of death, eclampsia, and/or hysterectomy) was lower at
an individual level before intervention (79.4 per 100 000 deliveries)
compared with after intervention (72.8 per 100 000 deliveries).1??
In some countries there were highly significant effects in the pri-
mary outcome, and therefore further work regarding mechanism is
needed.'??
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10 | COST-EFFECTIVENESS OF
SUPPLEMENTING CURRENT CLINICAL
PRACTICE WITH PLACENTAL GROWTH
FACTOR-BASED TESTS

The diagnosis of pre-eclampsia is based on blood pressure, maternal
end-organ involvement (i.e. proteinuria, maternal symptoms, mater-
nal signs, and laboratory test abnormalities), and fetoplacental dys-
function. The criteria can result in false-positive diagnoses. This may
lead to unnecessary antenatal admissions, requests for multiple labo-
ratory tests and, not infrequently, the decision of iatrogenic preterm
delivery.

A Health Technology Assessment was undertaken in the UK
in 20162 based on three published studies*?**?¢ with the aim
to evaluate the diagnostic accuracy and cost-effectiveness of
PLGF-based tests for patients referred to secondary care with
suspected pre-eclampsia at 20-37 weeks of pregnancy. The au-
thors performed an independent economic analysis based on a de-
cision tree model. The model evaluated costs'?” from an NHS and
Personal Social Services perspective. The total cost of managing a
false-positive diagnosis of pre-eclampsia was £9576.25 and a true
positive case of severe pre-eclampsia was £14,545.49. Based on
the modelling study, the authors concluded that the model pre-
dicts that when testing supplements routine clinical assessment
to rule out and rule in pre-eclampsia, the two tests are cost sav-
ing when performed between 20 and 35 weeks of gestation, and
marginally cost saving when performed at 35-37 weeks. Length of
neonatal intensive care unit stay was the most influential parame-
ter in sensitivity analyses.

Another UK cost utility study showed that with the current clinical
practice without the use of sFIt-1/PLGF ratio test information, 36%
of women were hospitalized before a diagnosis of pre-eclampsia, of
whom only 27% subsequently developed pre-eclampsia. If the test
information was available, the proportion of women hospitalized could
be reduced to 16%, of whom 38% would have subsequently developed
pre-eclampsia. Among women who were not hospitalized, approxi-

mately the same proportion subsequently developed pre-eclampsia.

The introduction of the sFIt-1/PLGF ratio is also expected to reduce
the number of hospitalizations at first presentation, before develop-
ing pre-eclampsia, from 36% to 16%.1%8 The authors concluded that
the introduction of the sFIt-1/PLGF ratio into clinical practice results
in cost savings of £344 per patient compared with a non-test (cur-
rent clinical practice). Savings are primarily through an improvement
in diagnostic accuracy and reduction of unnecessary hospitalization.
Independent groups from Italy*?? 130
showed that the introduction of sFIt-1/PLGF into hospital practice

is cost saving. Savings are generated primarily through improvement

and Germany similarly

in diagnostic accuracy and reduction in unnecessary hospitalization
for women before the onset of pre-eclampsia.

In a middle-income country setting, a Brazilian group has com-
pared the introduction of the ratio in a public and in a private hospital
with expected different costs to manage patients with suspicion of
pre-eclampsia.**! Introduction of the sFIt-1/PLGF ratio test resulted
in cost savings in both settings: public R$185.06 and private R$635.84
per patient compared to a scenario of non-test (current clinical prac-
tice). As expected, savings were generated primarily through reduc-
tion in unnecessary hospitalization.*3! Currently, there are no health
economic data on supplementing current clinical practice with PLGF-
based tests in low- and lower middle-income countries.

The implementation of angiogenic markers in clinical practice
seems to improve clinical decisions regarding hospitalization, identi-
fying pregnant women with suspected pre-eclampsia who are at low
risk of developing the disease and thus avoiding unnecessary pro-
cedures and thus cost saving. More complicated economic analysis
looking at health system opportunity costs of unnecessary hospital-
ization for suspected pre-eclampsia in overburdened public services
at the cost of patients with other serious but less threatening con-
ditions is not available, but will likely show improved cost benefit of
supplementing current practice with PLGF-based testing. Predictive
tools to improve clinical decision-making are not only important for
individualizing management plans to improve outcomes, but also
have economic consequences for individuals, health systems, and
society, and the cost-effectiveness and cost utility of improved pre-

dictive tools are required to ensure their optimal use.
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CONSIDERATIONS FOR UNIVERSAL

11 |
ASPIRIN IN PRE-ECLAMPSIA PREVENTION

Considering the clear benefit of aspirin in reducing the risk of pre-
term pre-eclampsia, its low cost, and safety profile, some investi-
gators advocate for universal aspirin prophylaxis for pre-eclampsia
prevention. It has been suggested that this would be a more cost-
effective strategy compared to using aspirin prophylaxis in women
determined to be at high risk through a process of screening, which
has been considered rather complex for implementation.!3%713°
Nevertheless, possible benefits of a preventive strategy need to be
balanced with potential harm due to hemorrhagic and other adverse

events.'3 Benefits of universal aspirin and long-term safety of this

strategy have not been adequately studied in randomized trials.
Additionally, good adherence to treatment is paramount to suc-
cessful prevention.137 Compliance is likely to be lower when aspi-
rin is given to the whole population than when recommended to a
selected high-risk group of women counselled based on individual
risk.238 Earlier trials in which pregnant women received aspirin on
the sole basis of being pregnant or nulliparous demonstrated an
increased frequency of bleeding episodes, low compliance with
aspirin at only about 50%, and no reduction in the incidence of
pre-eclampsia.’®*14% Analogously, universal aspirin for primary pre-
vention of cardiovascular events in healthy older adults resulted in
a significantly higher risk of major hemorrhage but did not signifi-

cantly reduce the risk of cardiovascular disease.'**
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12 | RESEARCH PRIORITIES

There are three main objectives for further research. Firstly, more
prospective research is required to develop and evaluate risk strati-
fication strategies in asymptomatic unselected women. Existing evi-

142-150 and

dence on the use of multimarker algorithms is promising
therefore such models require validation in other settings. Secondly,
evidence of the PLGF or sFIt-1/PLGF ratio published to date makes it
highly likely that the decision when to deliver women with gestational
hypertension or early disease of pre-eclampsia after 340 weeks of
gestation can be refined when these markers are added to clinical
decision-making. To date, the HYPITAT-I and Il and PHOENIX rand-
omized controlled trials are paramount on when to deliver women with
nonsevere, late-onset hypertensive disease.f28%%1 The HYPITAT-I
trial has shown that there is no benefit to either the mother or child in
prolonging pregnancy after 37 weeks of gestation in women with ges-
tational hypertensive disease.8” The PHOENIX trial suggests delivery
will reduce maternal morbidity.®% There is a need for a meta-analysis
of the smaller studies, such as the HYPITAT-II trial, to ascertain the
effects on neonatal morbidity, mainly respiratory distress syndrome.
These findings must be re-evaluated after adding knowledge from
the PLGF or sFIt-1/PLGF ratio studies.

Thirdly, the role of the PLGF or sFIt-1/PLGF ratio to prevent fetal
and/or maternal adverse events in early-onset disease must be eval-
uated. The PARROT trial suggests maternal morbidity can be reduced
in women with suspected disease.?® Although such a randomized
controlled trial is hard to pull through elsewhere, a PLGF or sFIt-1/
PLGF ratio cutoff for delivery in severe early-onset disease must be
evaluated. It has been shown previously in a case-control study that
the remaining pregnancy duration in women with pre-eclampsia and
an sFIt-1/PLGF ratio of greater than 655.2 is significantly reduced.
After 48 hours, only 29.4% (95% Cl, 14.1-61.4%, P < 0.016) of the
women continued their pregnancy; only 5.9% (95% Cl, 0.9-39.4%) of
the pre-eclampsia/HELLP patients with an sFIt-1/PLGF ratio above
655.2 continued their pregnancy for 7 days compared with 30.8%
(95% Cl, 20.5-46.3%) below this level.®® Therefore, these values
and their ability to reduce maternal and/or fetal morbidity and mor-
tality should be evaluated in a prospective, randomized design.

The studies presented here demonstrate that these different
risk stratification strategies may show clinical value in predicting
pre-eclampsia during the second and third trimester of pregnancy.
However, prospective randomized controlled trials are needed to
demonstrate improvement in maternal and neonatal outcomes, in

high-risk but also in low-risk populations.
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