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ABSTRACT

Preeclampsia (PE) is characterised by the new onset of hypertension after the 20th week of pregnancy,
with or without proteinuria or hypertension that leads to end-organ dysfunction. Since the only defini-
tive treatment is delivery, PE still represents one of the leading causes of preterm birth and perinatal
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mobility and mortality. Therefore, any strategies that aim to reduce adverse outcomes are based on
early primary prevention, prenatal surveillance and prophylactic interventions. In the last decade,
intense research has been focussed on the study of predictive models in order to identify women at
higher risk accurately. To date, the most effective screening model is based on the combination of
anamnestic, demographic, biophysical and maternal biochemical factors. In this review, we provide a
detailed discussion about the current and future perspectives in the field of PE. We will examine patho-
genesis, risk factors and clinical features. Moreover, recent developments in screening and prevention
strategies, novel therapies and healthcare management strategies will be discussed.

Introduction

Preeclampsia (PE) is a multisystemic progressive disorder
characterised by the new onset of hypertension (systolic
blood pressure (SBP) >140 mmHg or diastolic blood pressure
(DBP) >90 mmHg) and proteinuria, or hypertension that
leads to end-organ dysfunction (both presence or absence of
proteinuria), after 20 weeks of gestation (Rye et al. 2016;
Lagana, Giordano, et al. 2017; Lagana et al. 2018; ACOG
2019a). It represents one of the leading causes of maternal
and perinatal morbidity and mortality, especially when the
condition is of early-onset.

There is an international consensus nowadays to differenti-
ate between early-onset PE (<34 weeks gestation) and late-
onset PE (>34 weeks gestation) (Tranquilli et al. 2013). This
differentiation is crucial as late-onset PE represents the great
majority of PE cases: 90% in the literature from developed
countries and some 70% in low- and middle-income coun-
tries. In addition, early-onset PE is often associated with
severe symptoms with a high maternal/foetal morbidity
(Robillard, Dekker, Chaouat, et al. 2019).

A definitive screening test to predict the development,
onset time and PE grade has not been yet confirmed.
However, an elevated blood flow resistance in uterine
arteries, performed with Doppler during the first trimester,
represents an effective strategy to identify high-risk

pregnancies and treat them with low-dose aspirin (Sotiriadis
et al. 2019). Moreover, a combination of maternal factors and
biomarkers could also be helpful to identify pregnancies that
develop early and preterm PE (Tan et al. 2018).

However, the only definitive treatment for PE which devel-
ops antepartum, is childbirth, and the timing of delivery is
critical to avoid premature births.

Complementary to current knowledge (Burton et al. 2019),
the purpose of this review is to summarise current evidence
regarding PE and its management in pregnancy and high-
light areas that require further study. The authors wish to
focus also on possible immediate accessible preventions.

Methodology

A non-systematic review was done through a search on the
following databases: EMBASE, MEDLINE, Global Health, The
Cochrane Library, Health Technology Assessment Database
and Web of Science, research registers such as
ClinicalTrials.gov; we used the medical subject heading
(MeSH) term Pre-Eclampsia (MeSH Unique ID: D011225) in
combination with: Diagnosis (MeSH Unique ID: D003933);
Risk Factors (MeSH Unique ID: D012307); Therapy (MeSH
Unique ID: D013812). We selected papers written in English,
with no time restrictions about the year of publication. Titles

CONTACT Agnese Maria Chiara Rapisarda @ rapisardaagnesemc@gmail.com @ Department of General Surgery and Medical Surgical Specialties, Obstetrics and

Gynecology Unit, University of Catania, Via Santa Sofia 78, 95123 Catania, Italy

Study registration: This study was not registered because registration is not required for narrative reviews.

© 2022 Informa UK Limited, trading as Taylor & Francis Group


http://crossmark.crossref.org/dialog/?doi=10.1080/01443615.2022.2048810&domain=pdf&date_stamp=2022-04-25
http://orcid.org/0000-0003-2397-3924
http://orcid.org/0000-0003-2994-1093
http://orcid.org/0000-0001-5578-4437
http://orcid.org/0000-0002-6584-7275
http://www.tandfonline.com

e

R D D

independently by two review authors to select studies that
potentially meet the aims of this non-systematic review. The
full text of these potentially relevant articles was screened
and independently assessed for eligibility by the other two
authors. A discussion with an external collaborator clarified
any disagreement over the eligibility of particular articles.
Due to the nature of the findings, we opted for a narrative
synthesis of the results from selected articles.
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Definition

By definition, PE can be diagnosed as early as the 20th week
of pregnancy, even though it frequently occurs near term.
Epigastric pain and headache are symptoms of end-organ
dysfunction. Proteinuria in PE is defined as the presence of
more than 300 mg/dL protein in 24-hour urine or a serum
protein/creatinine ratio greater than or equal to 0.30. If the
aforementioned tests are not available, proteinuria can be
determined with a simple dipstick test, but the rate of false
negativity and false positivity is quite high (Phelan et al.
2004; Salman et al. 2018; Chen et al. 2019). In 2013, the
American College of Obstetricians and Gynecologists (ACOG)
defined the current diagnostic criteria (Hypertension in
Pregnancy 2013) (Table 1).

Prevalence and risk factors

The prevalence of PE varies according to different factors
such as race, ethnicity, age and genetic predisposition.
Overall, PE affects 2-8% of all pregnancies (ACOG 2019a).
The prevalence in White, Hispanic, African-American women

Table 1. Definition of preeclampsia according to ACOG guideline.

|. Blood pressure (after 20 weeks of gestation)

1. Systolic blood pressure: 140 mmHg or more on two occasions
(min. four hours apart)
or
2. Diastolic blood pressure: 90 mmHg or more on two occasions
(min. four hours apart)
or
3. Patients with a systolic blood pressure of 160 mmHg or more or diastolic
blood pressure of 110 mmHg or more (within a short interval (minutes))
AND
Il. Proteinuria
1. 24-hour urine: 300 mg or more protein
or
2. Protein/creatinine ratio: 0.3 g/dL or more
or
3. Dipstick: 2+ (used only when other quantitative methods are
unavailable)
OR
lll. New onset of any of the following
1. Thrombocytopenia: platelet count <100,000 x 10%/L.
2. Renal insufficiency: serum creatinine level more than 1.1 mg/dL or a
doubling of the serum creatinine level when there is no other
renal disease.
3. Impaired liver function: elevated liver transaminases to twice normal
concentration.
4. Pulmonary oedema.
5. Headache unresponsive to medication (no any causal diagnosis) or
visual symptoms.

women, multlple pregnanues and those Wlth a previous his-
tory of PE and the risk of PE in first pregnancies is 1.5-2-fold
higher compared with multiparous women (Mayrink et al.
2019). Although it often affects young pregnant women
(<18 years of age), also advanced maternal age (>40) is asso-
ciated with an increased risk (Dugoff et al. 2004; Gui et al.
2020). Nonetheless, comorbidities such as diabetes, chronic
hypertension, chronic kidney disease, obesity, antiphospholi-
pid syndrome, systemic lupus erythematosus and hydatidi-
form mole are other risk factors (Mol et al. 2016; Budak et al.
2019; Gui et al. 2020). Preeclampsia is more prevalent among
IVF pregnancies (Poon and Nicolaides 2014; Watanabe et al.
2014) and paternal factors could impact on the development,
maybe due to genetic interactions with maternal genetic fac-
tors (Galaviz-Hernandez et al. 2018). Low socioeconomic sta-
tus, maternal low birth weight and family history are other
risk factors for PE (Mol et al. 2016).

Aetiology

The placenta plays a critical role in the pathophysiology of
PE. Preeclampsia can occur in pregnancies without a foetus
but only having placental derived tissue, such as in molar
pregnancies (Nugent et al. 1996; Moore-Maxwell and Robboy
2004). In addition, the remission of symptoms and the
improvement of disease after removal of the placenta sup-
port this argument. Although the underlying cause of PE
remains unknown, it is believed to be triggered by a defect
in remodelling, and trophoblastic invasion in the spiral
arteries (Salman et al. 2018; Ridder et al. 2019) and interest-
ingly, these two pathological conditions are also involved in
the pathophysiology of foetal growth restriction (Chiofalo
et al. 2017). Women having an increased underlying endothe-
lial cell inflammation such as diabetes, renal or cardiovascular
diseases prior to pregnancy are also at risk for PE (Bilano
et al. 2014; Bartsch et al. 2016; Villa et al. 2017; Fox et al.
2019; Vitale, Corrado, et al. 2021). According to several retro-
spective studies, PE presents a critical heritable component.
Several polymorphisms of the vascular endothelial growth
factor (VEGF) demonstrated an association with the PE onset
(Procopciuc et al. 2014; Salimi et al. 2015; Silva et al. 2015).
VEGF is a fundamental actor of the development of the pla-
centa due to its involvement in angiogenesis and vessel
growth, and the structure of the spiral arteries undergoes
several changes during the early stages of pregnancy. As a
result, the uteroplacental vessels become wider and less
resistant, thereby increasing the blood flow to the foetus
(Zhou et al. 1997; Raguema et al. 2020). The endovascular
and interstitial trophoblasts are involved in this physiological
change. The interstitial trophoblasts surround the spiral
arteries, while endovascular trophoblasts provide vascular
wall penetration and change by expressing CD56 through
dNK (Zhang 2021). This process is completed at 20 weeks of
pregnancy. However, there is an abnormality in the invasion
of spiral arteries in PE. The trophoblasts demonstrated a
superficial invasion so that the deep myometrial vessels, not
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sion of the placenta. In the following periods, this may lead
to preterm labour, intrauterine growth retardation, placental
abruption and foetal death, and PE (Silasi et al. 2010; Vitale
et al. 2014, 2015; Pratt et al. 2015; Correa et al. 2016).

The mechanism of defective trophoblast differentiation is
based on changes in various cytokines, adhesion molecules,
metalloproteinases, HLA-G and extracellular matrix elements
involved in endothelial invasion (Cross et al. 1994; Silasi et al.
2010; Vetvicka et al. 2016; Lagana, Vitale, et al. 2017; Vitale
et al. 2018; Torella et al. 2019). Semaphorin 3B may be
responsible for the defective trophoblast differentiation and
invasion by inhibiting the VEGF signalling (Zhou et al. 2013).
In addition, highly differentiated gene transcriptions were
detected in trophoblasts in severe preeclamptic pregnancy as
well as the expression of novel messenger RNAs and non-
coding RNAs was impaired (Gormley et al. 2017). In conclu-
sion, abnormal trophoblastic invasion is associated with poor
pregnancy outcomes leading to hypoperfusion, hypoxia, free
radicals and oxidative stress, and hypertension. TNFa and IL-6
production are higher in pregnancies complicated by PE than
in normal pregnancies, and the increase in these proinflam-
matory agents resulted in endothelial dysfunction (Hutabarat
et al. 2017; Ali et al. 2019). TNFa. leads to a reduction in nitric
oxide synthase (NOS) gene transcription and an increase in
endothelin-1, a potent vasoconstrictor. Inhibition of NOS
interferes with the low pressure-vasodilation condition of
normal pregnancy. Antiangiogenic factors are also increased
as high blood levels of soluble fms-like tyrosine kinase-1
(sFlt-1) reduce VEGF. Additionally, soluble endoglin (sEng)
reduces vasodilation by reducing transforming growth factor-
beta (TGF-B) inhibition and nitric oxide release (Tannetta
et al. 2013).
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Pathophysiology

It is thought that changes in prostaglandin synthesis play a
key role in microvascular dysfunction in PE. Thromboxane,
which causes vasoconstriction and platelet aggregation, is
increased while prostacyclin, which has the opposite effects,
is reduced. The microvascular dysfunction is also due to an
increased sensitivity to angiotensin Il and the related aug-
mented vasoconstriction. While normal pregnant women
have insensitivity to vasopressor infusion, higher levels of
angiotensin Il have been shown in preeclamptic pregnant
women (Lumbers et al. 2019). Various studies have shown
that inhibition of angiotensin Il type 1 receptor agonistic
autoantibodies (AT;-AAs) could be another cause of this con-
dition resulting in reduced uterine perfusion pressure (Vaka
et al. 2020). Also, vascular cell adhesion protein 1 (VCAM-1)
and fibronectin levels are increased in preeclamptic women

compared to physiological pregnancy levels (Madazli
et al. 2000).
Pregnancy-associated plasma protein-A (PAPP-A) also

impacts on the pathogenesis of PE. PAPP-A is a metallopro-
teinase involved in matrix mineralisation and angiogenesis. It
improves the tissue availability of insulin-like growth factor-1
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impairment and microvascular dysfunction (lacobaeus
et al. 2018).

Preeclampsia is mostly sporadic; however, genetic predis-
position is also shown to increase the risk. Primigravid
women with a history of PE in their mother or sister have
twice the increased risk for PE (Carr et al. 2005; Skjaerven
et al. 2005), and this risk is much higher in monozygotic
twins. PAI-1 4G/5G polymorphism has also been strongly
associated with PE (Giannakou et al. 2018). Although there
are hundreds of genes detected in PE aetiology, they appear
with different phenotypic expressions under the influence of
environmental factors.

Regardless of which of these mechanisms is defective,
there is generalised vasospasm and endothelial dysfunction
and, accordingly, a hypertension onset. A reduced blood flow
leads to ischaemia, necrosis and end-organ dysfunction with
a parallel release of substances that increase sensitivity to
coagulation and vasopressors.

Classification

Preeclampsia can be classified in two forms according to the
severity of the disease: severe PE and, in the absence of
severe findings, mild (or non-severe) PE. This classification is
important since it guides clinical management. The criteria
shown in Table 1 (1.3 and Ill) are used to diagnose the pres-
ence of severe PE. Of note, proteinuria was removed from
the severe PE criteria since a value greater than 5 g/24 hours
is not always associated with poor maternal or neonatal out-
comes (Newman et al. 2003).

Moreover, according to the onset, PE could be divided
into early-onset PE (<34 weeks gestation) and late-onset PE
(>34 weeks gestation).

Ultrasonographic, serologic and urinary markers

Although encouraging studies are available, there is not yet a
definitive screening test to predict the development, time of
onset, and grade of PE (Roberge et al. 2018; Poon et al. 2019;
Rolnik et al. 2020).

Ultrasonographic anomalies

Normally, uterine artery resistance should decline with
increasing gestational age. On the contrary, in early-onset
preeclamptic pregnancies, especially in the second trimester,
there could be an increase of resistance in uterine artery
Doppler (UAD) measurement (Cnhossen et al. 2008). However,
the UAD ultrasound screening is not recommended in low-
risk patients because of its low sensitivity and high false posi-
tivity rates (Myatt et al. 2012; Cignini, Lagana, et al. 2016).

The measurement of resistance to flow in uterine arteries,
performed with Doppler in the first trimester, represents an
effective strategy to identify high-risk pregnancies and treat
them with low-dose aspirin (Poon et al. 2019; Sotiriadis
et al. 2019).



As mentioned before, sFlt-1 and sEng levels are increased in
preeclamptic pregnancies. The use of a sEng cut-off has a
positive predictive rate of 91%, whereas the ratio of sFlt-1 to
placental growth factor (PIGF) value can predict PE four
weeks ahead with a high negative predictive value (94.3%)
and high sensitivity and specificity (66.2% and 83.1%,
respectively) (Wang et al. 2016; Wright and Nicolaides 2019;
Zeisler et al. 2019). Low PAPP-A and high free B-hCG values,
which were also analysed during the first-trimester maternal
serum screening test, were associated with poor pregnancy
outcomes, including hypertensive diseases and PE (Cignini,
Savasta, et al. 2016; Felicia Sunjaya and Paulo Sunjaya 2019).
The placental protein-13 (PP-13) biomarker, which increases
2-3 times in the serum in normal pregnancies, has been
found in lower concentrations in patients with PE, and it has
been suggested that it can predict the disease 5-7 weeks in
advance (Gonen et al. 2008). In addition, alpha-fetoprotein
(AFP), VEGF, serum-free PIGF, ADAM-12 and body mass index
(BMI) are among the investigated tests.

However, the Nicolaides-Poon’s algorithm suggests a
screening by a combination of maternal risk factors, UAD,
mean arterial pressure, PAPP-A and PIGF to identify about
95% of cases of early-onset PE (Poon and Nicolaides 2014).

In conclusion, the UAD examination and the serologic
markers are not routinely used to screen for PE for their low
cost-effectiveness ratio. Today, a detailed physical examin-
ation and medical history are the most important criteria for
determining pregnant women at risk.

Urinary markers

As no longer proteinuria is considered as a diagnostic criteria
for PE, the quantity of proteins filtered in the kidneys, repre-
sents a critical aspect related to the severity of PE (Guo et al.
2019). Moreover, proteinuria represents a cheap procedure to
assess the conditions of glomerular filtration and the meta-
bolic status of the body.

A recent systematic review with meta-analysis found out
that inositol phosphoglycans P-type (IPG-P) could identify in
advance, up to four weeks before the onset of the disease,
early and late-onset PE (Scioscia, Noventa, et al. 2019).
Therefore, given the above, it could represent a reliable and
low cost urinary screening test (Scioscia, Dekker, et al. 2019).

Management

The only definitive treatment for PE is childbirth. The disease
usually regresses within 24-48 hours after delivery. However,
timing is important to avoid premature births in planning the
delivery. The criteria for determining delivery timing include
the severity of PE, gestational week, maternal and foetal con-
ditions. In the initial evaluation, the complete blood count
with platelet count, serum creatinine, uric acid, aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), lactate
dehydrogenase (LDH) values and proteinuria should be
tested. Next, ultrasound should be used for assessment of
foetal weight, amniotic fluid volume, UAD measurements and

Preeclampsia with severe features

Pregnant women with severe PE are more likely to have
maternal and foetal complications. These include pulmonary
oedema, renal failure, coagulopathy, myocardial infarction,
cerebral haemorrhage, placental abruption, foetal growth
restriction and foetal demise (Chappell et al. 2019; Li et al.
2019). Due to the high complication rate, the diagnosis of
severe PE is an indication for delivery in >34 4+ 0 weeks
pregnancies. In this scenario, delivery should not be post-
poned to administer steroids for lung maturation (ACOG
2019a). Similarly, delivery in patients with nonviable pregnan-
cies who present severe PE should not be delayed. Expectant
management can only be chosen under certain conditions in
pregnancies that exceed the viability limit but are less than
34 weeks of gestation. First, the maternal and foetal condi-
tions should be stable. Delivery may be postponed for ante-
natal corticosteroid administration only in asymptomatic
pregnant women with high blood pressure or severe PE
laboratory criteria. Maternal hospitalisation should be consid-
ered, and laboratory evaluation repeated every six hours. In
case of liver function impairment or platelet values continu-
ously decreasing, an emergency delivery should be planned
(Sibai et al. 1994; Schiattarella, Riemma, et al. 2021).
Expectant management of PE can improve neonatal out-
comes even if it does not benefit the mother. Conversely, it
is safe and beneficial for the foetus if women are under effi-
cacious antihypertensive drugs and who meet only this criter-
ion (Odendaal et al. 1990). In addition, a Cochrane review of
preeclamptic pregnancies managed with expectant approach
found that neonatal morbidities such as admission to the
intensive care unit were significantly less common (Churchill
et al. 2018).

Patients eligible for the expectant approach should be
admitted to the hospital and monitored until delivery, and
they should receive antenatal corticosteroids. In addition,
arterial blood pressure monitoring should be performed at
four-hour intervals, and preeclamptic symptoms such as
headache, epigastric pain and vision changes should be
monitored and promptly recognised. Delivery should be
planned in the presence of any of the symptoms mentioned
above. Laboratory tests should be repeated at least twice a
week. In case of deterioration of the test values, second tests
should be performed after 6-12 hours, and delivery is recom-
mended if the creatinine value rises above 1.1 mg/dL or
reaches twice the basal value if the thrombocyte count drops
to <100,000 platelets pL or the liver function tests double
the upper limits. Renal function is evaluated by monitoring
urine output. Regarding seizure prophylaxis, magnesium sul-
phate is a valid option. The foetal well-being surveillance
considers cardiotocography, biophysical profile, amniotic fluid
volume measurement with ultrasound, and foetal growth
assessment. In the case of intrauterine growth restriction, the
umbilical artery and ductus venosus should be evaluated



Preeclampsia without severe features

Delivery is recommended in pregnant women diagnosed
with PE over 37 weeks of gestation, even if there are no
signs of severe disease (ACOG 2019a). In the HYPITAT-I rand-
omised controlled, multicentre study, pregnant women with
36-41 weeks of gestation and mild hypertension were exam-
ined, and it was found that induction of labour and delivery
was associated with a decrease in poor maternal outcomes
compared with the expectant approach. No difference in
neonatal complications was observed during this period
(Vijgen et al. 2010). Following HYPITAT-I study results, long-
term follow-up of mildly hypertensive patients who were
managed with induction of labour at near term or term
showed that obstetric outcomes significantly improve with-
out any harm to mother (Sonnaville et al. 2020). Preterm
pregnancies before 34 weeks should be managed with
expectant management without severe findings (Mol et al.
2016; ACOG 2019a). According to those above, the morbid-
ities due to preterm delivery are avoided. However, a full
consensus cannot be achieved in pregnancies between 34
and 36 weeks. In the case of spontaneous labour, rupture of
membranes or placental abruption at >34 weeks of gesta-
tion, delivery should be performed immediately. If these con-
ditions are not present and there are no severe findings, it is
a common opinion that expectant management can be car-
ried out until the 37 weeks of gestation with a thorough
counselling and a close follow-up. The PHOENIX study, a mul-
ticentre randomised controlled trial on late preterm PE (from
34 to less than 37 weeks of gestation), compared planned
early delivery (n = 450) and expectant management
(n = 451) and found that poor maternal outcomes reduced
but neonatal morbidity increases in those who were sub-
jected to preterm labour (Chappell et al. 2019). However,
severe adverse outcomes were similar in both groups.

Careful follow-up is crucial in pregnant women candidates
to expectant management. Outpatient follow-up can be per-
formed after informing the patients who do not have severe
symptoms. Whether outpatient or inpatient, every patient
should have a laboratory assessment at least twice a week
and blood pressure measurement should be performed.
Likewise, foetal evaluation should be done twice a week.
Antenatal steroids should be given if the gestational week is
below 34, but delivery should not be postponed for the
second dose if severe signs develop. During this period, pre-
term delivery should be performed if an abnormality in the
antepartum assessments is found, in case of preterm prela-
bour rupture of membranes, vaginal bleeding and
severe features.

Intrapartum management

The two most crucial issues in intrapartum management are
seizure prophylaxis and control of hypertension.

The most effective and commonly used agent in seizure
prophylaxis is magnesium sulphate. Magnesium halves the
risk of eclampsia and significantly reduces placental abrup-
tion and maternal mortality. However, no difference was
found in maternal morbidity and neonatal mortality rates
with magnesium sulphate (Magpie Trial Follow-Up Study
Collaborative Group 2007). Although prophylaxis is recom-
mended, especially in preeclamptic women with severe
symptoms, there is no definite approach in patients without
severe features. The risk of eclampsia in severe PE is four
times higher when compared to non-severe disease (Magpie
Trial Follow-Up Study Collaborative Group 2007). However,
magnesium prophylaxis can be given in patients with PE
without severe features, depending on the doctor’s decision
and the patient’s clinical condition. Apart from magnesium,
drugs such as phenytoin, diazepam or nimodipine can be
used in prophylaxis, but none have superiority to magnesium
(Duley, Gulmezoglu, et al. 2003). However, they may be
offered in diseases such as severe renal failure, myasthenia
gravis, cardiac ischaemia where magnesium cannot be used
or is contraindicated. Magnesium is contraindicated in myas-
thenia gravis disease which may trigger a myasthenic crisis.
In renal insufficiency, the loading dose of the magnesium
can be given, while the maintenance should be reduced.
Other side effects may include mild discomforts such as nau-
sea, vomiting, visual disturbances and flushing (Altman et al.
2002). The effective magnesium dose is 4.8-8.4 mg/dL (Sibai
2004). Although its tocolytic effect is controversial, these
doses are not thought to cause an interruption of the labour.
The toxicity of magnesium appears at increasing doses. First,
deep tendon reflexes disappear at values above 9 mg/dL,
and a person with positive deep tendon reflexes is unlikely
to have reached the toxic dose. Therefore, deep tendon
reflex should be monitored in patients with oliguria. If side
effects were reported, such as respiratory depression, calcium
gluconate or calcium chloride should be given as the anti-
dote to magnesium. In this case, 10 mL of calcium gluconate
in a 10% solution is given intravenously in three minutes.

Control of hypertension

Patients with SBP >160 mmHg and/or DBP >110 mmHg
should receive antihypertensive therapy. The aim is primarily
to prevent maternal complications such as stroke.
Antihypertensive therapy may be started at lower blood pres-
sure values in people with end organ damage. Target values
are 140-150 mmHg for systolic pressure and 90 mmHg for
diastolic pressure. Drugs used in emergency blood pressure
control are labetalol, hydralazine and nifedipine. Although,
any of them can be used, they have no advantage over each
other (Cox et al. 2019). Methyldopa, which has been used for
many years, has been proven to be highly safe for the foetus,
but it is effective only in treating mild hypertension and the
onset of its effect is relatively late (within 3-6 hours) (EI-
Qarmalawi et al. 1995). Labetalol, a combined o blocker and
B blocker, may preserve uteroplacental blood flow to a
greater extent than [ blockers, and its onset of action is



Labetalol 10-20 mg IV, followed
by 20-80 mg every

10-20 minutes

and P blocker

Hydralazine 5-10 mg IV, followed Vasodilator
by 5-10 mg
every 20 minutes

Nifedipine 10-20 mg orally, repeat Calcium

(immediate-release) in every 30 minutes

Combined o blocker

1-2 minutes Bradycardia Orally/IV
10-20 minutes Maternal hypotension, IV/IM
reflex tachycardia,
fluid retention
5-10 minutes Tachycardia, headache Orally

channel antagonist

faster than methyldopa (within two hours) (Molvi et al. 2012;
Peacock et al. 2012). Hydralazine is the most commonly used
drug in gestational hypertension since it significantly reduces
cerebral haemorrhage. Starting with an initial dose of
5-10 mg (IV or IM), it can be repeated every 20 minutes, and
the maximum dose is 30 mg. In case of no effect, treatment
should be switched to another drug. Of note, it has more
maternal side effects such as reflex tachycardia and fluid
retention than labetalol and nifedipine (Magee et al. 2003).
Nifedipine (immediate release) is used by repeating every
30 minutes after starting 10-20 mg orally, and it should not
be used sublingually. ACOG Committee recommends its use
as a first-line treatment in acute, severe hypertension in preg-
nancy or postpartum (ACOG 2019b). Its onset and duration
of action are very short, with tachycardia and headache as
common side effects. Commonly used antihypertensive drugs
are summarised in Table 2.

In a recent randomised controlled trial on the use of
nifedipine retard (n = 298) vs. labetalol (n = 295) vs. methyl-
dopa (n = 3917) in pregnant women with severe hyperten-
sion, blood pressure control within six hours without adverse
events was more common in nifedipine group, namely 84%,
76% and 77%, in nifedipine retard, labetalol and methyldopa
groups, respectively (Easterling et al. 2019).

Prevention
Nutritional recommendations

An inadequate dietary calcium intake and hypocalcaemia
have been associated with an eightfold increase in the risk of
PE (Rizzo et al. 2019; Abbasalizadeh et al. 2020). During preg-
nancy is recommended to take approximately 1000 mg of
calcium daily. The WHO recommends 1500-2000 mg of cal-
cium intake per day for malnourished pregnant women,
especially those at high risk of PE (World Health Organization
2013). Apart from these, there is no proven agent in PE
prophylaxis yet. Anti-hypertensive drugs reduce the severity
of hypertension but do not have preventive effects on preg-
nancy outcomes. They are ineffective in preventing the devel-
opment of placental abruption, growth restriction, preterm
birth and PE (Abalos et al. 2001; Fedullo et al. 2021). There is
no clear evidence regarding the use of anticoagulants.
However, prophylactic anticoagulants can be used, especially
in people with thrombophilic mutations such as factor V
Leiden and a history of poor pregnancy outcomes in a previ-
ous pregnancy (Karadag et al. 2020). Vitamin C, vitamin D
and vitamin E supplements were also investigated, but no

effect on PE has been demonstrated (Basaran et al. 2010;
Schiattarella, Lombardo, et al. 2021). Nutritional supplements
such as nitric oxide donors, folic acid and fish oil are not
helpful. Salt restriction is ineffective, and a salt-free diet is
not recommended (Duley et al. 2005). Bed rest and move-
ment restriction are also not recommended; on the contrary,
they should be avoided, increasing the risk of thrombo-
embolism (Kasawara et al. 2012).

Prevention of early-onset PE

To date, many studies focussed on preventing PE in those
under risk. The most studied treatment option for preventing
PE is low-dose (75-150 mg/day) aspirin.

The ASPRE trial identified that a daily dose of 150 mg,
commenced before 16 weeks of gestational age, and given
at night to a high-risk population, identified by a combined
first-trimester screening test, reduces the incidence of early-
onset PE up to 60% of cases (Rolnik et al. 2017). Aspirin, a
cyclooxygenase inhibitor, inhibits thromboxane synthesis,
enhances uteroplacental blood flow, reduces apoptosis. In
addition, it has positive effects on endothelial dysfunction
and placentation. It also has a positive effect on poor preg-
nancy outcomes such as preterm labour, intrauterine growth
restriction (Bujold et al. 2014).

According to maternal characteristics, several screening
models for PE were developed in the past years. Advanced
maternal age, increased weight, Afro-Caribbean and South
Asian race, history of chronic hypertension, diabetes mellitus
and systemic lupus erythematosus or antiphospholipid syn-
drome, family history and personal history of PE, and concep-
tion by in vitro fertilisation, are critical factors for the
assessment of a priori risk for PE (Wright et al. 2015).

Moreover, a combination of maternal characteristics with
serum levels of PAPP-A and PIGF, represents an effective first-
trimester screening for early-onset PE (O'Gorman et al. 2016).

Given the above, screening by a combination of maternal
risk factors, UAD, mean arterial pressure, PAPP-A and PIGF
can identify about 95% of cases of early-onset PE (Poon and
Nicolaides 2014).

Although there is no consensus on the definition of risk in
pregnancy, the criteria specified by ACOG help determine
high-risk pregnancies (ACOG 2018).

U.S. Preventive Services Task Force (USPSTF) recommends
a low dosage of aspirin (81 mg/d) as preventive medication
after 12 weeks of PE high-risk gestation (LeFevre 2014). High
risk is defined by one or more of the following factors
(LeFevre 2014):



Multifoetal gestation.

Chronic hypertension.

Type 1 or 2 diabetes mellitus.

Chronic kidney disease.

Autoimmune disease with potential vascular complica-
tions (antiphospholipid syndrome, systemic lupus
erythematosus).

Suppose a patient has more than of the moderate risk fac-
tors (namely nulliparity, obesity, family history of PE, African
American race, low socioeconomic status, age more than
35 years, personal history of low birth weight or small for
gestational age, previous adverse pregnancy outcome, or
more than 10-year pregnancy interval), in that case, the use
of low-dose aspirin may be considered (ACOG 2018).

The indications, dosage and timing for low dosage aspirin
differ among national guidelines, and a comparison is shown
in Table 3.

The optimal aspirin dose is controversial. A protective
effect of aspirin was shown when it was started at 16 week
of pregnancy or before (RR, 0.57; 95% Cl 0.43-0.75, p < .001);
conversely, aspirin initiated after 16 weeks of pregnancy was
linked with a reduction on protective effect (RR, 0.81, 95% Cl
0.66-0.99, p = .04) (Roberge et al. 2017).

The World Health Organization (WHO) recommends using
75 mg aspirin per day before the 20 weeks of gestation in
high-risk pregnant women (World Health Organization 2011).
ACOG recommends 81 mg/d aspirin prophylaxis in high-risk
pregnant women from 12 to 28 weeks to delivery
(ACOG 2019a).

A comprehensive meta-analysis revealed that the response
to aspirin was dose-dependent and at higher doses, aspirin
prevented PE at a higher rate (Roberge et al. 2017). From the
same team, the ‘Aspirin for evidence-based PE Prevention’
propose now a daily dose of 150 mg, taken at night begin-
ning at the 16th week of gestation (Rolnik et al. 2020).

Aspirin  prophylaxis is not recommended to prevent
growth restriction, preterm labour or early pregnancy loss in
the absence of PE risk factors (ACOG 2018, 2019a).
Randomised controlled studies on the maternal risks of
aspirin use during pregnancy demonstrated that low-dose
aspirin does not increase haemorrhagic complications, such
as placental abruption, postpartum haemorrhage and aver-
age blood loss (Duley, Henderson-Smart, et al. 2003; Askie
et al. 2007). In addition, low-dose aspirin does not increase
foetal congenital anomalies (Ahrens et al. 2016); however, it
has been suggested that the risk of gastroschisis may
increase with the use of aspirin in the first trimester (OR,

when to stop aspirin, the general approach is to use it until
delivery (ACOG 2019a). Some centres may prefer stopping
aspirin at week 37 or one week before birth to avoid
increased bleeding during delivery.

Prevention of late onset preeclampsia

Late-onset PE represents the most prevalent phenotype of
this condition and accounts for 90% of cases (Lisonkova et al.
2014); several evidence underlines that late-onset PE is asso-
ciated with rising maternal pre-pregnancy BMI (Robillard,
Dekker, Scioscia, et al. 2019). That late-onset PE (and much
less early-onset PE) is largely and specifically linearly associ-
ated with rising maternal BMI, which has been recently con-
firmed in a study from the USA (Bicocca et al. 2020). Further
research is urgently required in order to properly understand
the main drivers and pathways on how the cardiometabolic
syndrome leads to late-onset PE (Scioscia et al. 2015).

Given the above, it is considered a frequent condition in
the high-income countries as 90% of PE cases are late-onset,
while in medium-low countries, this incidence is lower
(60-70%) (Robillard et al. 2016).

Nevertheless, there are no markers that could be consid-
ered for the prevention (Erez et al. 2017). In the first trimes-
ter, some authors identified, an increase of matrix
metalloproteinase 7 (MMP-7) and reduced PIGF levels, as use-
ful predictors for the development of late-onset PE (Erez
et al. 2017). Therefore, a prevention could be monitoring the
gestational weight gain since the beginning of pregnancy
(Robillard et al. 2020a).

A targeted and strictly monitored intervention on achiev-
ing an optimal gestational weight could represent an effect-
ive method to reduce the rate of late-onset PE (Robillard
et al. 2020b). However, it is crucial to determinate the specific
linear-curve of optimal gestational weight for each ethnic
area (Robillard et al. 2020b).

Prognosis

Preeclampsia improves following childbirth, and diuresis is
the best indicator of recovery. Foetal prognosis varies accord-
ing to the gestational week at birth and is entirely related to
prematurity. The risk of PE also increased in the subsequent
pregnancy of a woman with PE; this risk is also related to the
onset time and severity of PE. The earlier the gestational
week of onset and accompanied by severe findings, the
higher the risk of recurrence. In addition, women who have a

Table 3. Indication for aspirin for prevention of preeclampsia according to RANZCOG, NICE, USPSTF and ACOG.

RANZCOG NICE 2010 USPSTF 2014 ACOG 2018
Indication for aspirin 2 moderate or 1 high risk factor 2 moderate or 1 high risk factor 1 high risk factor 1 high risk factor
Dosage Unclear 75 mg/d from 12 weeks 81 mg/d optimally before 81 mg/d optimally before
16 weeks 16 weeks
Timing Until 37 weeks or until delivery Continue daily until delivery Continue daily until delivery Continue daily until delivery

RANZCOG: Royal Australian and New Zealand College of Obstetricians and Gynaecologists; NICE: National Institute for Health and Care Excellence; USPSTF US:
Preventive Services Task Force; ACOG: American Congress of Obstetricians and Gynecologists.
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chronic hypertension and type Il diabetes mellitus, renal fail-
ure during the rest of their lives (Hernandez-Diaz et al. 2009;
Magnussen et al. 2009; Mosca et al. 2011; Buttice et al. 2017;
Sturlese et al. 2017; Vitale, Fiore, et al. 2022).

o= e = S i = R E= T aor

Post-partum preeclampsia

Postpartum PE, also known as late postpartum PE, represents
a rare condition that develops within 48 hours of childbirth.
Sometimes the onset can be delayed up to six weeks or later
after childbirth. If left untreated, it could evolve in eclampsia,
pulmonary oedema, stroke, thromboembolism or HELLP syn-
drome. The ACOG guidelines recommend clinic surveillance
for at least 72 hours postpartum to identify early signs and
symptoms of PE. A follow-up blood pressure check 7-10 days
later should be performed (Hypertension in Pregnancy 2013).
Emergency treatment is warranted when criteria for severe
PE are met. Similarly to antepartum PE, the treatment is
based on immediate-release oral nifedipine, mainly when
intravenous access is not disposable (ACOG 2019b) and if it
is not available, labetalol and hydralazine represent valid
choices (ACOG 2019b). Magnesium sulphate is helpful for
seizure prophylaxis for high-risk women but is not recom-
mended as an antihypertensive agent (ACOG 2019b).

What about the future?

In 2017, the ACC-AHA Task Force on clinical practice changed
the criteria for the diagnosis of first stage hypertension, mov-
ing the blood pressure cut-off from 140/90 mmHg to 130/
80 mmHg (Hypertension in Pregnancy 2013). Moreover, there
is evidence from retrospective studies regarding the possibil-
ity using 130/80 mmHg cut off for pregnant women against
the actual one (Hauspurg et al. 2019; Hu et al. 2019; Sisti
2019; Sisti et al. 2021). This option could impact the diagno-
sis and the treatment of PE, but new studies are required
(Sisti and Colombi 2019; Sisti and Williams 2019).
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