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Abstract. Preeclampsia is a severe type of high blood pressure
affecting 2-8% of pregnancies globally, leading to maternal and
neonatal health issues. Risk factors include persistent high blood
pressure, diabetes, autoimmune disorders, older age, obesity, and
family history. Recent research has identified additional risk factors
like sleep apnea and assisted reproduction treatments. The condition
results from abnormal placental formation, inflammation, oxidative
stress, and endothelial dysfunction. Biomarker tests, such as the ratio
of soluble fms-like tyrosine kinase-1 to placental growth factor, may
facilitate early prediction. Low-dose aspirin and vitamin D could
prevent preeclampsia in high-risk women, with ongoing research
exploring new treatment options.
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INTRODUCTION

Preeclampsia, the origin of this word, dates back to
the ancient Greek era. Breaking down the term,
‘Pre’, which means ‘before’, and ‘eklampsis’, which is
a Greek word for eclampsia and translates as a burst
of lightning or a sudden onset (in literal terms)
(Etymonline, 2023). Preeclampsia is a condition seen
in pregnant women (after 20 weeks of gestation)
where there is a spike in the blood pressure,
damaging the foetus (American College of Obstetricians

and Gynecologists, 2019), (World Health Organization,
2011). Eclampsia is a condition of the onset of seizure
in women with preeclampsia. It occurs during or
after delivery. Preeclampsia is a condition that occurs
before eclampsia; hence, it is termed as pre-
eclampsia, whereas eclampsia occurs in a pre-
eclamptic condition along with seizures.

Pre-eclampsia is a complication of pregnancy
wherein the blood pressure spikes to > 140/90 mm
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Hg (Phipps et al., 2019) Though the etiology remains
unclear, this condition causes maternal and fetal
abnormalities. India suffers one-tenth of all maternal
deaths due to pregnancy-associated complications
(World Health Organization, 2011).

The key symptom of Pre-eclampsia is new-onset
hypertension, which generally occurs after 20 weeks
of gestation along with proteinuria (300 mg per 24-
hour urine collection) and end-organ
damage(Ma’ayeh & Costantine, 2020).

Diagnosing Pre-eclampsia is not only associated with
the presence of the above two symptoms but also
with other complications like new-onset renal
insufficiency, impaired liver function, etc., and is not
associated with any other etiology. Although
delivery can resolve many signs and symptoms, it
often persists in the form of Postpartum
Preeclampsia (American College of Obstetricians and
Gynecologists, 2019).

The real meaning and understanding of Preeclampsia
have evolved over centuries, ranging from the bizarre
theories of ancient Greece by Hippocrates to research
papers published by scientists all over the world, and
the process is still in progress (Bell, 2010).

Epidemiology:

Preeclampsia, affecting 2-8% of pregnant women,
leads to approximately 500,000 fetal and 70,000
maternal deaths yearly. Its prevalence is rising in
developed countries, particularly impacting African-
American women more than other ethnicities. The
National Hospital Discharge Survey noted a 5.9%
incidence rate of hypertensive disorders of pregnancy
in the USA, contributing to high rates of caesarean
sections, prematurity, severe morbidity, and maternal
death, with risks elevated 3-25 times in affected
pregnancies. (Phipps et al., 2019), (Ives et al., 2020),
(Rana et al., 2019).

Etiology:

Preeclampsia has an aetiology that is unknown. At
the moment, the following 4 hypotheses are the focus
of in-depth research:

1) Placental ischemia

2) Immune maladaptation

3) Very low-density lipoprotein vs toxicity-preventive
activity

4) Genetic imprinting (Dekker & Sibai, 1998.

Risk factors:

According to the 2020 National Institute for Health
and Care Excellence (NICE) guidelines, the risk
factors for preeclampsia have been divided into 2
categories: 1) Moderate and ii) high. NICE guidelines
classify preeclampsia risk factors into moderate and
high, including first pregnancy, family history, age

over 40, BMI over 35, and long pregnancy intervals.
Women are considered at high risk of preeclampsia if
they have co-morbidities such as chronic kidney
disease, type 1 or type 2 diabetes, autoimmune
diseases such as systemic lupus erythematosus or
antiphospholipid,  chronic  hypertension, or
hypertension during previous pregnancy (Barrett,
2020). Bartsch et al. identified preeclampsia risk
factors, recommending aspirin, with oocyte donation
increasing risk compared to IVF or natural
conception. (Fox et al., 2019).

Pathophysiology:
Preeclampsia, which has an impact on many organ
systems, is a sophisticated disease progression that
emerges from the maternal-fetal junction. The largest
aspect of the condition, which may or may not
always be associated with proteinuria, is
hypertension 7. Although this is a major field of
ongoing international studies, the following
mechanisms leading to the pathophysiology seem to
be inadequately defined. Thus, preeclampsia (a
placental condition) develops in 2 stages:
Stage 1: Abnormal placentation
Stage 2: A maternal syndrome in the latter 2" and
3 trimesters, which is marked by an increase
of antiangiogenic elements (Rana et al., 2019).

Stage 1: Abnormal Placentation:

This usually occurs in the 1% trimester of pregnancy.
The early stages of preeclampsia are known as the
placental syndrome. Preeclampsia can be developed
only in the presence of a placenta and not a foetus,
which is noticeable by the growth of the condition in
a hydatidiform mole (Phipps et al., 2019). Decidual
vasculopathy in preeclampsia involves endothelial
proliferation, fibrin deposition, and smooth muscle
loss. Two patterns identified are acute atherosis and
hypertrophic DV, contributing to preeclampsia (Hecht
etal., 2016).

Preeclampsia was not found to occur in other species
except for humans. This may be because the human
fetus has a high ratio of brain: body weight, and in
the 3™ trimester of pregnancy, almost 60% of
nutrition is exchanged from mother to foetus,
whereas in other species, only 20% is exchanged
(Phipps et al., 2019).

The myometrial spiral arteries are remodeled by
trophoblast invasion during implantation to enhance
blood flow to the fetus. Defective remodeling can
lead to oxygen deprivation, oxidative stress, and
ischemia, notably in hypertensive pregnancies (Phipps
etal., 2016).
Thus, abnormal placentation includes the following
factors:

a. Oxidative stress

b. Invasion of trophoblasts and hypoxia
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¢. The immune response

Oxidative stress

Pro-inflammatory oxidative stress results from an
imbalance of oxidants and antioxidants, leading to
reactive oxygen species’ production, damaging redox
signaling and contributing significantly  to
preeclampsia (Aouache et al., 2018).

In healthy pregnancies, antioxidant mechanisms
counter lipid peroxidation, but preeclampsia patients
lack this capability, leading to oxidative stress
imbalances. (Chiarello et al., 2020).

Invasion of trophoblasts and hypoxia

Hypoxia is significant in preeclampsia pathogenesis,
linked to shallow trophoblast invasion and
inadequate spiral artery remodeling (Chiarello et al.,
2020). In 1914, Young found that women with
toxaemia, albuminuria, and eclampsia had more
placental infarcts than those without. Studies in the
1960s noted significant differences in placentation
between pre-eclamptic and normotensive
pregnancies, highlighting arterial abnormalities.
Pregnancy affects placental function, particularly in
preeclampsia. HIF1 promotes trophoblast growth
and regulates genes under hypoxia, peaking in the
first trimester (Phipps et al., 2019).

sFLT1 generation, linked to maternal syndrome, is
limited by 2-methoxyestradiol's inactivation of HIF-
1, crucial in pre-eclampsia. Pre-eclamptic placentae
show high HIF1/HIF2 levels and fail to
downregulate upon oxygenation. Advanced MRI
techniques can assess placental perfusion and suggest
new non-invasive monitoring methods. (Phipps et al.,
2019), (Rana et al., 2019).

Studies show that in 10 to 20% of women with severe
preeclampsia, the HELLP syndrome (hemolysis,
increased liver function tests, and low platelet count)
develops; this incidence is almost 100 times that for
other pregnancies (1 to 2/1000). Most HELLP
syndrome pregnant women have proteinuria and
hypertension, although some don't have either
(Dulay, 2019).

Ongoing discussions highlight that in pre-eclampsia,
cytotrophoblasts  fail to undergo  pseudo-
vasculogenesis, lacking typical endothelial markers.
This differentiation issue suggests early mechanisms
causing placental ischaemia, indicating pre-
eclampsia stems from inadequate placentation and
failure to remodel uterine spiral arteries. (Phipps et al.,
2019).

The immune response:

Understanding the immunological tolerance needed
at the maternal-placental interface is essential in
order to identify the underlying etiology of faulty

placentation (Phipps et al., 2019).

The complement system, crucial for immune
response, causes inflammation and damage via liver-
produced pathways. It defends against infections,
especially in pregnancy, influencing placentation,
though human studies yield inconsistent findings
related to Clq deposition (Collier et al., 2021).Pro-
inflammatory macrophages secrete angiogenic
chemicals, with M1 and M2 phenotypes influencing
immune reactions and angiogenesis in pregnancies
(Aneman et al, 2020).Pro-inflammatory cells are
properly controlled and function, as well as their
behaviors during invasion, thanks to Tregs and
regulatory cytokines (Baker et al., 2009). It is widely
known that Treg cells are crucial for maternal-fetal
immunological tolerance in mice studies.(Faas and
de Vos, 2017a). To generate immunological
tolerance in the mother to the fetus, it is also thought
that the dendritic cells (DCs) present in the decidua
can encourage a dominating presence of T helper
type 2 cells (Th2) in the uterus and placenta
(Raguema et al., 2020). PE is associated with
Th1/Thl17 cytokine imbalance and decreased
Treg/Th2, resembling autoimmune patterns. (Collier
et al., 2021). Between 1980 and 2010, PE rates rose
from 3.4% to 3.8%, with severe cases increasing
322% while moderate cases decreased; obesity
significantly contributed to this rise (Spradley et al.,
2015).

Stage 2: A maternal syndrome in the latter 2™ and
3" trimesters, which is marked by an increase of
antiangiogenic elements.

Imbalance in Circulating Angiogenic Factors
Anti-angiogenic Factors are a group of proteins that
prevent the formation of new blood vessels. One
such protein is sFLT1, which acts by inhibiting the
function of VEGF and PIGF. Anti-angiogenic
factors prevent new blood vessel formation, with
SFLT1 inhibiting VEGF and PIGF, vital for
endothelial function in key organs. Studies link
SFLT1 to preeclampsia, showing reduced PIGF in
affected women and that sFLT1 injection induces
preeclamptic symptoms. sENG, another factor
inhibiting TGF-f1, correlates with preeclampsia
severity, as seen in animal studies, affecting fetal
growth and causing cerebral edema. s (Rana et al.,
2019).

Inflammatory Cytokines and Immune Cell
Alterations
Preeclampsia connects to inflammation via syncytial
knots and microvesicles, influencing
proinflammatory responses. Decreased IL-10 causes
Th1l shifts, harming trophoblast invasion, while
complement levels and Eculizumab offer treatment
insights (Rana et al., 2019)

‘ 3165 © 2025 European Journal of Clinical Pharmacy; All Right Reserved




Some screening methods used

How to Cite: N. Rachitha, Saumya, Kavya Manjunath, Mahesh M. Nosenoor, Usha D.S.*, Shilpashree Bettadapura
Muralidhar.Preeclampsia: Current Insights into Pathogenesis, Diagnosis, and Emerging Therapeutic Strategies. European

Journal of Clinical Pharmacy.2025;7(1):3163-3169.

Renin-Angiotensin Pathway

Preeclampsia pathogenesis involves altered renin-
angiotensin-aldosterone pathways, increased
sensitivity to angiotensin II, and AT1 autoantibodies.
These factors lead to hypertension, endothelial
dysfunction, and elevated antiangiogenic factors,
highlighting a complex interplay in the condition's
mechanisms (Rana et al., 2019)..

Sympathetic nervous system

Placental factors and maternal endothelial
dysfunction are key in preeclampsia, but studies
suggest the sympathetic nervous system's role as
well. Increased sympathetic nerve activity and
reduced Dbaroreflex sensitivity are noted in
preeclamptic women, linking it to placental
ischemia-induced hypertension (Rana et al., 2019).

Diagnosis

in 19-24 weeks of
pregnancy for Preeclampsia are medical history and
maternal demographic characteristics, mean arterial
pressure (MAP), and uterine artery pulsatility index
(UtA-PI) (alone or in combination) (Litwinska et al.,
2021)

Presence of Biomarkers:

e According to Powe et al, levels of PIGF and
sFlt-1 are altered in preeclamptic women
(before and during the onset of clinical signs
and symptoms) (Powe et al., 2011)

e This finding also supports the pathogenic
function of Angiogenic factor.

e Normal pregnant women's serum levels of
sFlt-1 are rather high at term, but they drop
to non-pregnant levels 48 hours following
birth.

e In preeclampsia, sFlt-1 levels start to rise at
least 5 weeks before the start of the clinical
disease and continue to be higher than in
women who are not affected.

e Additionally, there is a correlation between
sFlt-1 levels and disease severity.

e sEng levels in women with normal
pregnancies are stable until approximately
week 33 of pregnancy, when they rise,
peaking at delivery (Venkatesha et al., 2006).

e In women with preeclampsia beginning
before 37 weeks of gestation (preterm), levels
of sEng begin to rise earlier, by 20 weeks of
gestation, and rise more steeply after 33
weeks (Levine et al., 2006)

e Women with preeclampsia beginning after
37 weeks of gestation (term) also have
elevated 3rd trimester sEng levels, but a
slower rise, beginning at 25 weeks of
gestation and rising steeply around 33 weeks
of gestation.

The

e Preeclampsia is best characterised by a
combination of sFlt-1, PIGF, and sEng
levels, which connects the combined actions
of many angiogenic factors to clinical
preeclampsia (Kusanovic et al., 2009).

e Prior to the beginning of preterm
preeclampsia, high circulating levels of both
sEng and sFlt-1/PIGF are frequently seen
(Levine et al., 2004).

e According to more recent research,
maternal vascular dysfunction and reduced
nitric oxide generation are linked to changes
in sFlt-1, PIGF, and sEng in women with
preeclampsia?’

e The levels of sFlt-1, PIGF, and sEng have all
been found to change in placental abruption
brought on by pre-eclampsia (Sandrim et al.,

2008).
RAAS Pathway
e A wunique type of circulating oxidised
angiotensinogen  that  promotes  the

production of angiotensin has recently been
discovered in the blood of pre-eclamptic
patients (Zhou et al., 2010).

e However, pre-eclamptic patients have
decreased levels of circulating angiotensin II
and aldosterone.

e To determine whether this oxidised form of
angiotensinogen is altered before clinical
illness, studies are required.

Cost-Effectiveness of Biomarker Testing

e When it comes to cost-effectiveness, some
studies from various nations have
demonstrated that using the sFlt-1/PIGF test
to manage patients with suspected PE could
result in cost savings by avoiding needless
surgeries and hospitalization (Venkatesha et
al., 2006).

e In Brazil, the calculated savings between
public and private health care were R
$185.06 and R$635.84 per patient,
respectively (Costa et al., 2022).

Prediction in the First Trimester Using PIGF

levels of PIGF in the blood differ significantly
depending on maternal characteristics and co-
morbidities; they are higher in pregnant women,
smokers, and people of Afro-Caribbean, South
Asian, and East Asian origin, and decreased in
women with obesity or type 2 diabetes mellitus (Lai
et al., 2014). Consequently, to standardise data and
permit comparisons between research groups,
adjustments must be made for these variables as well
as other variances in biomarker testing and assay
analysis. PIGF values can be reported as multiples of
the expected median (MoM) in order to standardise
the data (Akolekar et al., 2008).

The mean distribution of gestational age at birth with PE
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is altered by the inclusion of specific maternal traits
and biomarker values (MAP, UtPI, and PIGF)
(Wright et al., 2015).

Third and Fourth Trimesters PE prediction:

PE screening throughout the second and third
trimesters tries to estimate the patient-specific risk,
deciding the frequency and scope of a person's
ongoing antenatal monitoring. Given the narrow
window of opportunity for current prophylactic
treatments, it is not primarily focused on PE
prevention (Roberge et al, 2018) . First-trimester
screening for early and preterm PE had a similar, if
not superior, predictive value to the combination of
maternal risk factors, mean UtPI, MAP, and PIGF
According to studies, this combination screening
between 19 and 24 weeks' gestation can accurately
predict 46% of term PE, 85% of preterm PE, and
99% of early PE (Gallo et al., 2016) . Over 50% of
instances of term PE are still missed by screening in
the third trimester between 30 and 34 weeks, even
though it can predict 98% of preterm PE cases
(Tsiakkas et al., 2016).

Serum PIGF and sFlt-1 in the Screening and
Diagnosis of PE in Women with Suspected
Disease:

NICE recommends four commercially available
PIGF-based assays for diagnosing PE between 20
and 36 + 6 weeks' gestation. Each assay's thresholds
differ, and second-trimester values can be converted
to MoM for comparison. Angiogenic testing is now
recommended (Panaitescu et al., 2018)

Lacunae of Current Diagnosis:

Preeclampsia is diagnosed with elevated blood
pressure and proteinuria. Current criteria may be
inadequate; lab tests assess organ damage, but no
definitive test exists yet. (Black et al., 2019). The
assessment of anti-angiogenic proteins helps identify
preeclampsia in women with chronic disorders. Not
all preeclampsia patients display altered sFItl and
PIGF, and low levels may indicate misdiagnosis or a
non-angiogenic illness form (Levine et al., 2006).

Treatment
Given below, two research offer some potential
therapies for preeclampsia.

Aspirin versus Placebo in Pregnancies at High Risk for

Preterm Preeclampsia

Low-dose aspirin (150 mg daily) was tested in a

multicenter, double-blind trial involving 1776 high-
risk singleton pregnant women from 11 to 14 weeks
to 36 weeks of gestation. Results showed 1.6% in the
aspirin group had preterm preeclampsia, compared
to 4.3% in the placebo group (odds ratio 0.38,
P=0.004). Strong adherence (79.9% compliance) was
noted, with no significant differences in neonatal

adverse outcomes between groups, indicating aspirin
reduces preterm preeclampsia risk. (Story & Nelson-
Piercy, 2018).

Vitamin D  supplementation and incident
preeclampsia:

Maternal  vitamin D  deficiency  increases
preeclampsia risk. A systematic review and meta-
analysis of 27 RCTs showed that women receiving
vitamin D throughout pregnancy had lower
preeclampsia risk. Findings suggest that vitamin D
supplements may help prevent preeclampsia. (Fogacci
et al., 2020).

Abbreviations

PE: Preeclampsia, HDP: Hypertensive Disorder of
Pregnancy, NICE: National Institute for Health and
Care Excellence, BMI: Body Mass Index, IVF: In
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Oxidative Stress, ROS: Reactive Oxygen Species,
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cofactor for nitric oxide synthesis, BH4
Tetrahydrobiopterin,

eNOS : Endothelial Nitric Oxide Synthase, *NO :
Nitric Oxide, ONOO~ : Peroxynitrite, GPX :
Glutathione Peroxidase, HO : Haem Oxygenase,
CO : Carbon Monoxide, LDL : Low-Density
Lipoprotein, TNF : Tumor Necrosis Factor, PERK :
PKR-like Endoplasmic Reticulum Kinase, TF
Transcription Factor, HIF : Hypoxia-Inducible
Factor, VEGF : Vascular Endothelial Growth
Factor, NO: Nitric Oxide, HELLP : Hemolysis,
Elevated Liver Enzymes, and Low Platelet Count,
VE : Vascular Endothelial, NCR: Natural
Cytotoxicity Receptor, NK: Natural Killer (cells),
Treg: Regulatory T Cell, DC: Dendritic Cell, Th: T
Helper (cell), IL: Interleukin
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M2: anti-inflammatory), sFIt-1: Soluble fms-like
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sEng : Soluble Endoglin, TGF-B1 — Transforming
Growth Factor Beta 1, PRES: Posterior Reversible
Encephalopathy Syndrome, Clq, C3a, C4d, C5a,
C5b9 - Complement Components, MAC:
Membrane Attack Complex, AT1-AA: Angiotensin
I Type 1 Receptor Autoantibodies, C35:
Complement Component 5, FDA: Food and Drug
Administration, ET-1: Endothelin-1, ATI:
Angiotensin II Type 1 Receptor, B2: Bradykinin
Type 2 Receptor
RAAS:  Renin-Angiotensin-Aldosterone System,
RCT: Randomized Control Trial, Arrbl: B-Arrestin-
1, RUPP: Reduced Uterine Perfusion Pressure,
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