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Abstract

Preeclampsia remains a leading cause of maternal and perinatal morbidity and mortality worldwide, yet its complex pathophysiology and heterogeneous clinical
presentation continue to challenge early diagnosis and effective management. Despite decades of research, significant gaps persist in translating mechanistic insights
into universally effective therapies, particularly for high-risk populations in resource-limited settings. This review addresses the urgent need to consolidate recent
advances in preeclampsia research, bridging fundamental science with clinical applications to improve outcomes. The review synthesizes critical insights into the
multifactorial origins of preeclampsia, emphasizing the central role of placental dysfunction, angiogenic imbalance, and systemic inflammation. It evaluates current
diagnostic tools, including the soluble Fms-like tyrosine kinase-1/placental growth factor (sFlt-1/PIGF) ratio, alongside evidence-based interventions such as low-
dose aspirin, statins, and optimized antihypertensive regimens. Regional disparities in prevalence and outcomes are analyzed, highlighting the disproportionate
burden in low- and middle-income countries. Emerging therapeutic strategies targeting oxidative stress, immune dysregulation, and genetic susceptibility are critically
appraised. The review also explores innovative approaches like personalized risk assessment, while underscoring the limitations of existing treatments. Clinical
studies comparing drug efficacy (e.g., nicardipine vs labetalol) and preventive measures (e.g., 150 mg aspirin) are systematically reviewed to guide practice. Finally,
the interplay between preeclampsia and long-term maternal cardiovascular health is examined, reinforcing the need for postpartum surveillance. Future research
must prioritize large-scale trials to validate novel biomarkers and therapies across diverse populations, with particular attention to implementation in resource-
constrained settings. Investigations into fetal microchimerism and epigenetic modifiers could unlock new preventive strategies, while artificial intelligence integration
may revolutionize early-risk prediction models. Multidisciplinary collaborations are essential to develop standardized protocols for screening, management, and
postpartum follow-up. By addressing these priorities, the field can mitigate the global burden of preeclampsia and its lifelong health consequences.
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Introduction factors, and potential therapeutic innovations to improve outcomes for

affected women and their infants [10-12]. This article aims to provide
a comprehensive overview of epidemiology, mechanisms, risk factors,
and recent innovations in the management of preeclampsia.

Preeclampsiaisa complex pregnancy-related disorder characterized
by hypertension and often accompanied by proteinuria [1-3]. It poses
significant risks to both maternal and fetal health, contributing to a
considerable burden of morbidity and mortality worldwide. It is
characterized by new-onset hypertension and proteinuria after 20
weeks of gestation, often leading to severe complications if untreated [4-
6]. The pathogenesis of preeclampsia involves a multifaceted interplay
of genetic, molecular, and environmental factors, with the placenta
playing a central role [7-9]. Despite its prevalence, the only definitive
treatment remains the delivery of the fetus and placenta, which can

The epidemiology of preeclampsia underscores its significant
contribution to maternal and perinatal morbidity and mortality
worldwide, positioning it as a critical public health concern [13].
Its prevalence is influenced by a complex interplay of risk factors,
including socioeconomic determinants, which have been explored to
better understand the etiology and potential avenues for prevention
[10]. The condition’s burden extends beyond pregnancy, with evidence

result in preterm birth and associated neonatal complications. Recent
research has focused on understanding the underlying mechanisms, risk
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linking preeclampsia to increased long-term cardiovascular risks,
highlighting the importance of understanding its pathophysiology for
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effective management [14]. Mechanistically, preeclampsia involves
intricate pathophysiological processes. The comprehensive reviews
emphasize the role of abnormal placental development, endothelial
dysfunction, and immune maladaptation as central to its onset [15].
These mechanisms contribute to the clinical manifestations observed,
such as hypertension and organ damage, by disrupting normal
vascular and placental functions [15]. Additionally, the condition
shares common pathways with other vascular and metabolic disorders,
including insulin resistance, which may exacerbate disease severity and
influence therapeutic strategies [16].

The risk factors associated with preeclampsia are multifaceted,
encompassing both maternal and environmental components. Factors
such as chronic kidney disease and metabolic disturbances have been
identified as significant contributors, further complicating the clinical
picture and emphasizing the need for holistic risk assessment [10, 17].
The association between preeclampsia and subsequent cardiovascular
disease suggests shared pathogenic pathways, including vascular
remodeling impairments and chronic inflammation [14]. Recent
advancesin predictingand preventing preeclampsia focus onidentifying
biomarkers and understanding underlying mechanisms to enable
early intervention [10]. Innovations in therapeutics are increasingly
targeting the molecular pathways involved in endothelial dysfunction
and immune regulation, aiming to mitigate disease progression and
improve outcomes [15]. The integration of mechanistic insights with
clinical strategies holds promise for reducing the global burden of
preeclampsia and its long-term sequelae.

In summary, the literature highlights preeclampsia as a
multifactorial disorder with significant epidemiological impact, driven
by complex pathophysiological mechanisms involving placental,
vascular, and metabolic factors [18-20]. Advances in understanding
these mechanisms are paving the way for improved predictive tools
and targeted therapies, ultimately aiming to lessen their burden on
maternal and fetal health [10, 14, 15].

Epidemiology of Preeclampsia

The prevalence of preeclampsia is estimated to be between 3%
and 5% of pregnancies, but this burden is not uniformly distributed
across populations [21-23]. It is a leading cause of maternal and
perinatal morbidity and mortality, with a complex etiology involving
genetic, environmental, and lifestyle factors. The disorder is not
only a pregnancy-specific condition but also a predictor of future
cardiovascular and metabolic diseases in affected women [24-26].
Understanding the epidemiology of preeclampsia is crucial for
developing effective prevention and management strategies. Racial and
ethnic minority groups, particularly non-Hispanic Black women and
American Indian or Alaskan Native women, are disproportionately
affected by preeclampsia [27]. This disparity highlights the need
for further research to understand the underlying causes of these
differences, as existing studies often focus on comparisons between
White and non-Hispanic Black women, leaving gaps in knowledge
regarding other racial and ethnic groups.

The World Health Organization reports an incidence range of 3%
to 10% of pregnancies, with higher prevalence in developing countries
[28]. In developed countries, preeclampsia is less common, affecting
about 1 in every 2,000 labors [29]. In Latin America, preeclampsia is
the leading cause of maternal death, with Peru reporting a prevalence of
13% in 2022 and a high percentage of perinatal mortality due to severe
complications [28]. The International Federation of Gynecology and
Obstetrics estimated that over 76,000 women died from hypertension
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complications in 2018 [28]. In Mexico, hypertension during pregnancy
affects 250,000 to 300,000 pregnant women annually, leading to more
than 1,000 deaths [28]. A study comparing Sweden and China found
similar prevalence rates of 2.9% and 2.3%, respectively, but with more
severe cases in China [23]. In the Middle East, the prevalence ranges
from 0.17% to 5%, with a noted scarcity of research in some areas like
the United Arab Emirates [30].

A study conducted in India found a prevalence of 6.2% among
pregnant women, with a significant number of cases associated with
severe features leading to adverse fetal outcomes such as low birth
weight and preterm delivery [31]. In Addis Ababa, Ethiopia, the
prevalence was reported at 5.5% among women attending antenatal
care, with significant associations found with factors like maternal age
and history of hypertension [32]. In the Central Region of Ghana, the
prevalence was 8.8%, with a higher incidence among younger women
and those with certain educational and occupational backgrounds
[33]. Another study in Ghana reported a prevalence of 5.6% at the Ho
Teaching Hospital, with a rising trend over the years [34]. In a rural
hospital in Karu, Abuja, Nigeria, the prevalence was notably higher
at 13.0%, with a significant number of cases resulting in preterm
births [35]. A systematic review in Iran found a prevalence of 5.3%,
with an increasing trend since 2015, highlighting the need for further
investigation into risk factors [36]. In Bangladesh, the prevalence
varied, with one study reporting 3.21% in the Rajshahi region, showing
a decreasing trend over time [37]. Another study found a higher
prevalence of 14.4%, indicating significant regional variability within
the country [38].

While preeclampsia is a global issue, its prevalence and impact
are disproportionately higher in low- and middle-income countries
due to limited healthcare resources and higher rates of risk factors like
obesity and metabolic syndrome. Efforts to improve healthcare access
and address modifiable risk factors are essential in reducing the burden
of preeclampsia worldwide. Additionally, more research is needed to
understand regional differences and develop targeted interventions.

Pathophysiological Mechanisms

The pathophysiology of preeclampsia is multifactorial, involving
abnormalities in placental development, immunologic factors, vascular
changes, and inflammation (Figure 1) [15, 39, 40]. The disorder is
primarily initiated by abnormal placentation, which results in placental
hypoxia and the release of anti-angiogenic factors, contributing to
widespread endothelial dysfunction and systemic inflammation
[41-43]. Despite extensive research, a definitive genetic basis for
preeclampsia remains elusive, although certain genetic variants, such
as apolipoprotein L1, have been identified as potential risk modifiers
[27]. The role of uteroplacental ischemia is also critical, as it leads to
inadequate remodeling of maternal uterine spiral arteries, contributing
to the development of preeclampsia and related complications [44].
This overview will delve into the key pathophysiological mechanisms
of preeclampsia, highlighting abnormal placentation, oxidative stress,
immune dysregulation, and genetic factors (Table 1).

Abnormal placentation

. Preeclampsia is initiated by poor placentation due to
inadequate trophoblast invasion and improper remodeling of the
uterine spiral arteries, leading to placental hypoxia [45, 46].

. This hypoxic environment triggers the release of anti-
angiogenic factors such as sFlt-1 and soluble endoglin, which contribute
to endothelial dysfunction and systemic inflammation [45, 47].
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CENTRAL ILLUSTRATION: Pathogenesis of Preeclampsia
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Figure 1: Pathogenesis of preeclampsia [15].
Table 1: Pathophysiological mechanisms of preeclampsia.
Mechanism Key components Clinical consequences Ref.
® Inadequate trophoblast invasion o
Abnormal placentation ® Failed spiral artery remodeling o Reduced uteropla§er?tal blood flow [45, 46]
*  Placental hypoxia Fetal growth restriction
® Endothelial dysfunction
L] -
Anti-angiogenic factors . ];lelvaed fll;lt llin ® Systemic vasoconstriction [45,47]
oluble encog ¢ Proteinuria
. ® Ischemia-reperfusion injury ® Placental damage
Oxidative stress ® Reactive oxygen species overproduction ® Pro-inflammatory cytokine release [48]
Immune dysreeulation ®  Altered maternal-fetal tolerance ®  Systemic inflammation [8, 50]
ysreg ®  Pro-inflammatory cytokines (TNF-a and IL-6) ®  Multi-organ dysfunction (liver and kidneys) ’
. . . ® Polymorphisms (e.g., FLT1, and APOL1) ¢ Impaired trophoblast function
Genetic/Epigenetic ¢ Dysregulated miRNAs (e.g., miR-519d) ® Angiogenic imbalance [8,43]
. . . R ® Hypertension
. -
Systemic impact . i;l;lI:ezl;g)iz:e:ustl(r)la;};isgzrgi::tlvatlon ® Renal failure [47,51]
® Neurological complications

. The two-stage model of preeclampsia development
emphasizes the role of placental ischemia in the first stage, followed by
systemic inflammation and endothelial dysfunction in the second stage
(48, 49].

Oxidative stress and inflammation

. Oxidative stress is a significant contributor to the
pathophysiology of preeclampsia, exacerbated by recurrent ischemia-
reperfusion injury in the placenta [48].

. The condition is characterized by excessive activation of the
immune system, with increased levels of proinflammatory cytokines
and antiangiogenic factors in the fetoplacental unit and maternal
circulation [50].

. Inflammatory processes are further driven by dysregulated
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immune responses, including altered levels of cytokines and
complements, contributing to endothelial dysfunction [8, 50].

Genetic and epigenetic factors

. Genetic and epigenetic modifications play critical roles in
preeclampsia, with polymorphisms in genes such as FLT1 and altered
microRNA (miRNA) expression being implicated [45].

B Specific miRNAs, such as miR-519d and miR-517-5p, affect
trophoblast function, while IncRNAs like IGFBP1 and EGFR-AS1
influence trophoblast regulation and angiogenesis [8].

. Fetal microchimerism, where fetal cells persist within
maternal tissues, acts as a mechanistic link between placental
dysfunction and maternal complications [8].
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Systemic and multiorgan impact

. Preeclampsia affects multiple organ systems, with potential
complications including renal failure, liver dysfunction, and
neurological abnormalities [50].

. The disorder’s systemic nature is underscored by the
involvement of the renin-angiotensin system and the presence of
antiangiotensin II type 1 receptor autoantibodies, which are associated
with hypertension and endothelial dysfunction [47].

. Chronic kidney disease is a known risk factor for
preeclampsia, highlighting the interplay between renal function and
angiogenic homeostasis [51].

While the pathophysiology of preeclampsia is complex and
multifactorial, understanding these mechanisms is crucial for
developing targeted therapies and improving maternal and fetal
outcomes. Despite advances in research, effective prevention
and treatment strategies remain limited, necessitating continued
investigation into the molecular pathways and potential therapeutic
targets associated with preeclampsia [52-54]. This ongoing research is
essential for translating findings into clinical practice and enhancing
care for at-risk women.

Pharmacological Interventions

Pharmacological interventions for preeclampsia focus on managing
symptoms and preventing disease progression, given the condition’s
significant impact on maternal and fetal health [55-57]. Current
treatments primarily aim to control hypertension and prevent seizures,
while emerging therapies target the underlying pathophysiological
mechanisms. Despite advances, the definitive treatment remains
delivery, highlighting the need for effective pharmacological strategies
to manage preeclampsia until delivery is feasible [58-60]. This answer
explores various pharmacological approaches, including established
treatments and novel therapies under investigation.

Established pharmacological treatments

commonly used to manage hypertension in preeclampsia. Labetalol
is preferred due to its ability to lower blood pressure without causing
reflex tachycardia or hypotension [61]. Methyldopa is another option
for managing chronic or mild hypertension on an outpatient basis [61].

. Magnesium sulfate: This remains the drug of choice for
preventing and controlling seizures in severe preeclampsia and
eclampsia. It works by causing cerebral vasodilation, which helps
reverse ischemia caused by cerebral vasospasm [61].

. Low-dose aspirin and calcium: These are used for secondary
prevention, particularly effective when started before 16 weeks of
pregnancy. Aspirin reduces the occurrence of early-onset preeclampsia
(Figure 2), while calcium (Figure 3) supplementation is beneficial for
women with low dietary calcium intake [62].

Emerging pharmacological interventions

. Statins and proton pump inhibitors: Statins like pravastatin
have shown promise in reducing preterm preeclampsia and improving
maternal and fetal outcomes. Proton pump inhibitors may lower sFlt-
1levels, enhancing endothelial function, although clinical trials have
been inconsistent [62].

. Metformin: Known for improving insulin sensitivity,
metformin also has anti-inflammatory and vascular properties,
potentially reducing preeclampsia incidence, especially in obese
women [62].

. Nitric oxide donors and L-arginine: These agents can reduce
vascular resistance and improve placental blood flow, potentially
lowering preeclampsia risk [62].

. Antithrombin  concentrate: This treatment corrects
hypercoagulability and may improve fetal status and perinatal
outcomes, allowing for a significant prolongation of pregnancy [63].

Novel approaches

. Pathogenesis-target-drug strategy: This approach focuses

. Antihypertensive medications: Labetalol and nifedipine are on targeting specific pathophysiological pathways involved in
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Figure 2: Aspirin mechanism of action to prevent preeclampsia [62].
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preeclampsia. It includes the use of nanotechnologies to improve drug
delivery and efficacy by targeting the placenta specifically [52].

. Remote monitoring and lifestyle interventions: While not
strictly pharmacological, integrating remote blood pressure monitoring
and dietary interventions like the DASH diet can complement
pharmacological treatments, although their impact on preeclampsia
prevention remains inconclusive.

Despite these advancements, preeclampsia remains a complex
condition with no single effective treatment. The multifactorial nature
of the disease necessitates a comprehensive approach that combines
pharmacological and non-pharmacological strategies. Continued
research into the pathogenesis of preeclampsia and the development
of targeted therapies is crucial for improving maternal and fetal
outcomes. Additionally, early screening and preventive measures, such
as low-dose aspirin, play a vital role in managing high-risk pregnancies
[62, 64].

Clinical Studies

The treatment of preeclampsia, a significant hypertensive disorder
during pregnancy, remains a critical area of research due to its impact
on maternal and neonatal health. Various clinical studies have explored
both pharmacological and non-pharmacological interventions to
manage and prevent preeclampsia.

A study by Easterling et al. [65] (NCT01912677) compared the
efficacy and safety of nifedipine retard, labetalol, and methyldopa for
managing severe hypertension in pregnancy, revealing key differences
and similarities among the treatments. The primary outcome was
blood pressure control within 6 h without adverse events. All three oral
antihypertensive drugs-nifedipine retard, labetalol, and methyldopa-
successfully reduced blood pressure to the target range (systolic 120 to
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150 mm Hg and diastolic 70 to 100 mm Hg) in most women. Nifedipine
retard was significantly more effective in achieving the primary
outcome (blood pressure control without adverse events) compared to
methyldopa (84% vs 76%, p = 0.03). When considering the attainment
of the primary outcome without needing additional antihypertensive
therapy, nifedipine and labetalol were significantly more effective
than methyldopa. The primary outcome did not differ significantly
between the nifedipine and labetalol groups (84% vs 77%, p = 0.05).
Similarly, there was no significant difference in the primary outcome
between the labetalol and methyldopa groups (p = 0.80). Nifedipine
was more likely to achieve the blood pressure target at 6 h compared to
both labetalol (p = 0.03) and methyldopa (p = 0.01). The median time
from randomization to the start of oral antihypertensive therapy was
consistently 10 min across all groups. Slightly less than half of women
in the nifedipine and labetalol groups received a second dose of their
allocated medication. Women assigned to methyldopa were more likely
to require an additional or second hypertensive drug during the study
period compared to those receiving nifedipine or labetalol. Maternal
adverse events were infrequent across all three treatment groups. Only
one serious adverse event (an intrapartum seizure) was reported in the
labetalol group. No maternal deaths, adverse central nervous system
outcomes, or need for dialysis were observed. The incidence of stillbirth,
neonatal death, and neonatal morbidities did not significantly vary
between the groups. However, neonatal admission to an intensive care
unit was significantly higher for babies born to women in the nifedipine
group compared to those in the labetalol (p = 0.009) and methyldopa
(p = 0.004) groups. This was primarily attributed to low or very low
birthweight in the nifedipine group. Despite this, no differences were
found in intubation, survival rates, or lengths of stay among admitted
neonates. Labor and delivery outcomes, including the rate of caesarean
sections, did not vary significantly between the groups. In summary,
while all three oral antihypertensives proved viable for managing
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severe hypertension in pregnancy, nifedipine retard demonstrated
superior efficacy in achieving blood pressure control compared to
methyldopa, and comparable efficacy to labetalol. Although nifedipine
was associated with higher rates of neonatal intensive care unit
admissions due to lower birthweight, overall maternal and neonatal
outcomes were favorable across all treatment groups, supporting their
use as initial options in low-resource settings.

A study by Arias-Hernandez et al. [66] (NCT04222855) compared
the efficacy of diltiazem and nifedipine in controlling blood pressure
in puerperal patients with severe preeclampsia, revealing several key
findings regarding treatment effects on blood pressure, heart rate,
adverse events, and length of intensive care unit stay. A total of 42
puerperal patients with severe preeclampsia were randomized and
completed the study, with 21 patients in each group (diltiazem and
nifedipine). Five patients were excluded for not meeting inclusion
criteria. Both treatment groups were homogeneous at baseline
across various characteristics, including maternal age, gestational
age, childbirth method, pregnancy type (primiparous/multiparous),
baseline blood pressure parameters (systolic, diastolic, and mean),
heart rate, and liver and kidney functions. There were no statistically
significant differences in baseline systolic (156.2 mmHg for diltiazem
vs 158.3 mmHg for nifedipine) or diastolic (112.6 mmHg for diltiazem
vs 111.2 mmHg for nifedipine) blood pressure between the groups.
Mean arterial pressure was also not statistically significant at baseline.
From 6 to 48 h post-treatment, significant statistical differences were
observed between the diltiazem and nifedipine groups for systolic,
diastolic, and mean blood pressures. At 6 h, the diltiazem group
showed a significantly lower systolic blood pressure (133.4 mmHg)
compared to the nifedipine group (147.9 mmHg) (p < 0.001). This
trend of lower blood pressure in the diltiazem group continued
throughout the 48 h observation period. Similarly, at 6 h, diastolic
blood pressure was significantly lower in the diltiazem group (78.5
mmHg) compared to the nifedipine group (90.6 mmHg) (p < 0.001).
This difference was maintained over 48 h. The average mean arterial
pressure was also statistically significant between treatments from 6
to 48 h. Diltiazem controlled arterial hypertension more effectively
and uniformly than nifedipine in the patients studied. The average
basal heart rate was not statistically different between the diltiazem
(103.4 beats/min) and nifedipine (96.4 beats/min) groups (p = 0.13).
At all other time points (excluding baseline and 6 h), the difference in
heart rate recordings between the groups was statistically significant,
with diltiazem generally leading to lower heart rates. The number of
hypotension episodes was statistically significant between groups (p
< 0.001). Only 3 (14.3%) patients in the diltiazem group experienced
hypotension, compared to 15 (71.4%) patients in the nifedipine group.
The incident rate ratio for hypotension episodes in the diltiazem group
was 0.114 compared to the control group, indicating a significantly
lower rate. No hypertension episodes were observed in the diltiazem
group, whereas 7 (33.3%) patients in the nifedipine group experienced
hypertension episodes (p = 0.01). Patients treated with diltiazem
had fewer collateral effects. Patients in the diltiazem group spent an
average of 2.47 days in the intensive care unit, significantly less than
the 4.57 days spent by patients in the nifedipine group (p < 0.001). This
suggests potential cost savings with diltiazem. In summary, diltiazem
demonstrated superior efficacy in controlling blood pressure, reducing
both hypotension and hypertension episodes, and shortening intensive
care unit stay compared to nifedipine in puerperal patients with severe
preeclampsia. These findings suggest diltiazem as a more favorable
treatment option due to its more uniform blood pressure control and
fewer adverse effects.
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A study by Bijvank et al. [67] compared the effectiveness and safety
of ketanserin vs dihydralazine for treating severe hypertension in early-
onset preeclampsia, ultimately concluding that neither drug is well-
suited for this purpose nor highlighting the successful use of nicardipine
as a rescue medication. Dihydralazine was found to be significantly
more effective than ketanserin in lowering blood pressure. Specifically,
73.3% of patients treated with ketanserin experienced persistent severe
hypertension, compared to only 13.3% in the dihydralazine group.
There was no significant difference observed between the ketanserin
and dihydralazine groups regarding the prolongation of pregnancy.
Dihydralazine was associated with a significantly higher rate of severe
maternal side effects compared to ketanserin. These included increased
heart rate (>20/min), tachycardia (>120/min), nausea, and vomiting.
Hypotension was a major reason for discontinuing dihydralazine,
leading to fetal distress and emergency caesarean sections in some
cases. Ketanserin, while safer in terms of maternal side effects, showed
inadequate efficacy. No significant difference was found between
ketanserin and dihydralazine in the development of hemolysis, elevated
liver enzymes, low platelets (HELLP) syndrome. The study’s results
do not suggest a beneficial effect of ketanserin in preventing HELLP
syndrome. The study found no statistically significant differences in
fetal and neonatal morbidity or safety between the two groups. Fetal
demise occurred in two patients, and two neonates died within one
month after birth due to necrotizing enterocolitis and sepsis. The study
was stopped prematurely after 30 inclusions due to the high rate of
persistent hypertension with ketanserin and the high rate of maternal
side effects with dihydralazine. The apparent successful use of the
rescue drug, nicardipine, without severe side effects also contributed
to this decision. Nicardipine was used as a rescue medication when
study medication failed or caused severe side effects. All 14 patients
who received nicardipine successfully reached their target blood
pressure, and their pregnancies were prolonged. The need for rescue
medication was significantly higher in the ketanserin group compared
to dihydralazine. Nicardipine has since become the first-line treatment
for severe hypertension in pregnancy at the Erasmus Medical Centre
and Isala Clinic. In summary, the study’s findings do not support the use
of either dihydralazine or ketanserin for treating severe hypertension
in pregnancy due to dihydralazine’s high rate of maternal side effects
and ketanserin’s insufficient efficacy. The successful application of
nicardipine as a rescue medication suggests its potential as a more
effective and safer alternative, warranting further research to compare
it with other current antihypertensive drugs.

A study by Hanff et al. [68] reported use of nicardipine treatment in
severe, early-onset preeclampsia. All patients in the study successfully
reached the target diastolic intra-arterial blood pressure. This was
achieved within a median of 23 min, with a range of 5 to 60 min,
after initiating nicardipine treatment. Nicardipine treatment was
effective in postponing delivery for a median duration of 4.7 days,
with a range extending from 1 to 26 days. The maximum dosage of
nicardipine used during treatment ranged from 3 to 9 mg/h. Detailed
hemodynamic parameters corresponding to nicardipine dosages were
collected for nine of the patients. Unwanted hypotensive periods were
observed in one-fifth of the patients during treatment, but these were
manageable through dosage adjustments. Fetal well-being did not
appear to be adversely affected by the treatment. In summary, the study
demonstrated that intravenous nicardipine is a potent antihypertensive
agent capable of rapidly achieving target blood pressure and prolonging
pregnancy in severe, early-onset preeclamptic patients who had not
responded to other standard antihypertensive drugs. While some
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hypotensive episodes occurred, they were manageable, and fetal well-
being was not negatively impacted.

A study by Cornette et al. [69] reported the hemodynamic effects
of intravenous nicardipine, impact on blood pressure and vascular
resistance. Administration of nicardipine led to a significant reduction
in mean arterial blood pressure, with a median difference of 26 mmHg
(p = 0.002). Concurrently, total vascular resistance also significantly
decreased by a median difference of 791 dynes x s/cm’ (p = 0.002)
in all women included in the study. This reduction in blood pressure
and vascular resistance induced a reflex tachycardia, resulting in a
consequent increase in cardiac output by 1.55 L/min (p = 0.004).
Importantly, there were no significant changes observed in other
measured maternal or fetal hemodynamic parameters, including
maternal diastolic function, microcirculatory perfusion, uteroplacental
perfusion, or fetal perfusion. In summary, the study found that
nicardipine effectively lowers blood pressure by reducing afterload,
which in turn increases cardiac output due to a reflex increase in
heart rate, without adversely affecting other crucial maternal or fetal
circulatory functions.

The Indonesia pravastatin to prevent preeclampsia (INOVASIA)
study by Akbar et al. [70] investigated the effectiveness of pravastatin
in preventing preeclampsia in high-risk pregnant patients. A total
of 173 individuals participated in the study. The control group
consisted of 86 participants, while the pravastatin group included
87 participants. The pravastatin group showed a significantly lower
rate of preterm preeclampsia (13.8%) compared to the control group
(26.7%). This difference was statistically significant (p = 0.034) with
an odds ratio (OR) of 0.034 (95% confidence interval (CI): 0.202 to
0.905). Preeclampsia occurred later in the pravastatin group (36.39
+ 2.32 weeks) than in the control group (34.89 + 3.38 weeks), with a
p-value of 0.048. The rate of preterm birth was significantly lower in the
pravastatin group (16.1%) compared to the control group (36%). This
was also statistically significant (p = 0.003) with an OR of 0.340 (95%
CI: 0.165 to 0.7), primarily due to indicated preterm birth. Overall, the
pravastatin group exhibited better perinatal outcomes. Neonates in the
pravastatin group had significantly lower rates of low Apgar scores (<7)
at both 1 min (5.7% vs 25.6%, p = 0.000) and 5 min (2.3% vs 25.6%, p
= 0.028) compared to the control group. The rate of low birthweight
babies (< 2500 g) was lower in the pravastatin group (27.6%)
compared to the control group (40.7%), though this difference was
not statistically significant (p = 0.069). In conclusion, the study found
that pravastatin (20 mg twice daily) significantly reduced the risk of
preterm preeclampsia and preterm birth in high-risk pregnant women,
and was associated with improved perinatal outcomes, including better
Apgar scores.

The innovation in science pursuit for inspired research (INSPIRE)
study by Cerdeira et al. [71] investigated the use of the sFlt-1/PIGF
ratio in predicting preeclampsia in women with suspected cases. The
study recruited a total of 370 women, with 186 assigned to the ‘reveal’
arm (clinicians knew the sFlt-1/PIGF result) and 184 to the ‘nonreveal’
arm (result unknown to clinicians). Preeclampsia developed in 85 of
these women, accounting for 23% of the total participants. The number
of admissions within 24 h of the test, which was the primary end
point, did not significantly differ between the two groups. Specifically,
there were 48 admissions in the nonreveal group compared to 60
in the reveal group, with a p-value of 0.192, indicating no statistical
significance. The ‘reveal’ trial arm admitted 100% of the cases that
developed preeclampsia within 7 days. In contrast, the ‘nonreveal’ arm
admitted 83% of such cases (p = 0.038). The use of the sFlt-1/PIGF ratio
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test demonstrated a sensitivity of 100% (95% CI: 85.8 to 100). It also
showed a negative predictive value of 100% (95% CI: 97.1 to 100). For
comparison, clinical practice alone had a sensitivity of 83.3% (95% CI:
58.6 to 96.4) and a negative predictive value of 97.8% (95% CI: 93.7 to
99.5). The study concluded that using the sFlt-1/PIGF ratio significantly
improved clinical precision in managing suspected preeclampsia
cases without altering the overall admission rate. In summary, while
the sFIt-1/PIGF ratio test did not change the total hospitalization
rate, it significantly improved the identification and admission of
women who would subsequently develop preeclampsia within a week,
demonstrating high sensitivity and negative predictive value.

A study by Bozorgan et al. [72] investigated the effectiveness of
adding furosemide to antihypertensive treatment for postpartum
hypertension in women with preeclampsia. The key findings highlight
the impact of furosemide on blood pressure reduction, the need
for additional medication, and the time to achieve normal blood
pressure. Systolic blood pressure, diastolic blood pressure, and mean
arterial pressure were significantly reduced in all patients and in both
treatment groups (nifedipine alone and nifedipine plus furosemide)
from the first to the fifth day after delivery. On the second day, diastolic
blood pressure was significantly lower in the nifedipine group (p
= 0.005), but systolic blood pressure and mean arterial pressure did
not show significant differences between the groups. From the third
to the fifth day, systolic blood pressure was significantly lower in the
nifedipine plus furosemide group (p < 0.05). However, diastolic blood
pressure did not show a significant change during this period (p >
0.05). Mean arterial pressure was significantly lower in the nifedipine
plus furosemide group on the third and fourth days (p < 0.05), but this
difference was not significant on the fifth day (p = 0.383). The need
for additional medication to control blood pressure was higher in the
nifedipine-only group compared to the nifedipine plus furosemide
group. Specifically, 22 patients (20%) overall required additional
medication, with 17 patients (31%) in the nifedipine group and 5
patients (9%) in the nifedipine plus furosemide group (p = 0.005).
The study found that adding furosemide reduced the need for further
medication to control blood pressure. Blood pressure normalized
(less than 120/80 mmHg) in 74 patients (68%) within five days after
delivery. This normalization was more frequent in the nifedipine
plus furosemide group (p < 0.001). The frequency of reaching normal
blood pressure was significantly higher and faster in the nifedipine
plus furosemide group. The majority of patients in this group reached
normal blood pressure on the third and fourth days. The mean urinary
output during the first five days after delivery was significantly higher
in the nifedipine plus furosemide group (10603 + 608 mL) compared
to the nifedipine group alone (8507 + 315 mL) (p < 0.001). The study
concluded that the inclusion of furosemide in the nifedipine regimen
for postpartum hypertension in women with preeclampsia led to a
further reduction in systolic blood pressure and mean arterial pressure.
It also decreased the need for additional medication and increased the
speed and frequency of achieving normal blood pressure. Therefore,
furosemide can be administered alongside other drugs to manage
blood pressure in postpartum preeclampsia, though larger studies are
recommended to confirm its efficacy and safety.

A study by Sinha et al. [73] compared the efficacy of 75 mg vs 150
mg aspirin for preventing preeclampsia in high-risk pregnant women,
revealing significant differences in preeclampsia incidence between the
two dosages, while fetomaternal outcomes remained largely similar.
A significantly higher number of pregnant women receiving 75 mg
aspirin developed preeclampsia (33.92%) compared to those receiving
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150 mg aspirin (8.77%). The odds of developing preeclampsia were
five times greater in the 75 mg aspirin group compared to the 150
mg aspirin group (OR = 5.341, 95% CI: 1.829 to 15.594, p = 0.001).
After adjusting for other significant variables, the odds of preeclampsia
were still significantly higher with 75 mg aspirin (adjusted OR = 9.060,
95% CI: 2.334 to 35.169). Women with chronic hypertension had a
significantly higher incidence of preeclampsia (34.60%) compared to
those without (9.80%), with an OR of 4.853 (95% CI: 1.753 to 13.432,
p = 0.001). A baseline systolic blood pressure of 2140 mmHg was
associated with a higher incidence of preeclampsia (40.9%) compared
to systolic blood pressure <140 mmHg (16.5%), with an OR of 3.508
(95% CI: 1.272 to 9.673, p = 0.012). Higher mean systolic blood
pressure (2140 mmHg) and mean diastolic blood pressure (=90
mmHg) during the study period were also significantly associated with
increased preeclampsia incidence. There was no statistically significant
difference in fetomaternal outcomes between the 75 mg and 150 mg
aspirin groups. These outcomes included neonatal intensive care unit
admission, intrauterine growth restriction, neonatal death, stillbirth,
eclampsia, HELLP syndrome, placental abruption, and pulmonary
edema. A significantly greater increase in urine protein was observed
in the 75 mg aspirin group (0.48 + 0.78) compared to the 150 mg
aspirin group (0.14 + 0.48) at delivery (p = 0.006). This suggests a less
favorable renal outcome with the lower dose. There was a statistically
insignificant difference in the change of systolic blood pressure and
diastolic blood pressure from enrollment to delivery between the
two groups. Both groups showed a decreasing trend in mean systolic
blood pressure and diastolic blood pressure over the study period, but
this decrease was not statistically significant between the groups. In
summary, the study concludes that 150 mg aspirin is more effective
in preventing preeclampsia in high-risk pregnant women than 75 mg
aspirin, while both dosages show similar fetomaternal outcomes. The
higher dose also resulted in a lesser increase in urine protein, indicating
better management of a key preeclampsia indicator.

A study by Saxena et al. [74] (CTRI/2023/12/060983) describes
the study protocol for a randomized double-blind clinical trial, rather
than presenting its results. The trial aims to compare the efficacy and
safety of two different aspirin dosages (75 mg vs 150 mg) for preventing
preterm pre-eclampsia in high-risk women. The study involves screen-
positive women aged 18 to 45 years with singleton pregnancies between
12 and 16 weeks of gestational age. Participants will be randomized in
a 1:1 ratio to receive either 75 mg or 150 mg of aspirin nightly until
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37 weeks of pregnancy or until preterm preeclampsia develops. The
primary objective is to assess fetomaternal outcomes, including the
incidence of preterm preeclampsia and other neonatal and maternal
complications. A total of 370 participants (185 per group) is planned,
accounting for a 20% attrition rate, based on sample size calculations
for expected proportions of preterm preeclampsia in both groups.
In conclusion, this paper outlines the methodology and design of an
ongoing clinical trial.

While these studies highlight promising interventions for
preeclampsia, it is important to consider the broader context of
treatment options. For instance, the use of novel drug therapies, such
as dexmedetomidine and compound Danshen combinations, is being
explored for severe preeclampsia and eclampsia, although these are
currently off-label and require further research [75]. Additionally,
the integration of biomarkers like PIGF into clinical algorithms has
shown potential in reducing the time to diagnosis and improving
maternal outcomes, although its implementation is limited by regional
availability [76].

Innovations in Prevention and Management

Recent advancements in the prevention and management of
preeclampsia include the recommendation of low-dose aspirin
for high-risk women, which has shown varying efficacy across
different populations [77-79]. For instance, a population-based study
indicated that while low-dose aspirin significantly reduced recurrent
preeclampsia among Hispanic women, it did not yield similar benefits
for non-Hispanic Black women [27]. This finding underscores the
necessity for tailored approaches in clinical practice that consider the
unique needs of diverse populations. Innovations in the prevention
and management of preeclampsia have seen significant advancements,
focusing on early detection, risk assessment, and novel therapeutic
strategies. Preeclampsia, a complex pregnancy disorder characterized
by hypertension and potential organ dysfunction, poses a substantial
risk to maternal and fetal health. Recent research has emphasized the
importance of early screening and preventive measures, alongside the
development of new pharmacological interventions [80-82]. These
innovations aim to mitigate the adverse outcomes associated with
preeclampsia, which remains a leading cause of maternal and fetal
morbidity and mortality (Table 2). The following sections detail key
advancements in this field.

Table 2: Innovations in prevention and management of preeclampsia.

Category Innovation

sF1t-1/P1GF ratio
Early screening

Mechanism/Target

Angiogenic imbalance detection

Key findings Ref.

Predicts preeclampsia 5 to 8 weeks before symptoms (100%
negative predictive value)

30% higher detection rate for late-onset cases vs traditional

Al/deep learning models Multi-parameter risk assessment methods [85]
Low-dose aspirin (150 mg) COX-1inhibition — 1@proved placental 5x lower preeclampsia risk vs 75 mg (OR = 0.2) [73]
perfusion
Pharmacological prevention| Pravastatin (20 mg bid) Upregulates VEGF, reduces sFlt-1 50% reduction in preterm preeclampsia (13.8% vs 26.7%) [70]
. i i itivity + i- .. I
Metformin Imp roves insulin sensitivity + anti Promising for obese women (reduces incidence by 30 to 40%) [62]
inflammatory effects
Nicardipine IV Calcium channel blockade — vasodilation Achieves BP control in 23 n;n; (;Ze(:lan)’ prolongs pregnancy by [68]
Acute management Superior BP control (133/78 v 142/91 Hg at 6 h), fewer sid
Diltiazem vs nifedipine Vascular smooth muscle relaxation uperior BP control ( \;Sﬂ"ccts mmHg at 6 h), fewer side [66]

. Furosemide add-on
Novel therapies . .
Antithrombin concentrate

DASH diet + stress

Lifestyle interventions .
Y reduction
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Volume management + RAS modulation
Restores angiogenic balance

Improves endothelial function

Faster BP normalization (3 vs 5 days), 3x less rescue meds needed [72]
Prolongs pregnancy by 2 weeks in severe cases [63]

25% risk reduction when combined with aspirin [80]
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Early screening and risk assessment

. Biomarkers and screening models: Advances in screening
methods include the use of biomarkers such as the sFlt-1/PIGF ratio,
which can predict preeclampsia weeks before symptoms appear. This
approach enhances early diagnosis and management, allowing for
timely interventions [83, 84].

. Artificial intelligence and deep learning: Artificial intelligence
and deep learning technologies have improved the predictive
accuracy of preeclampsia, particularly for late-onset cases. Artificial
intelligence models have shown higher detection rates compared to
traditional methods, offering new opportunities for early screening and
management [85].

. Risk factor identification: Comprehensive risk modeling,
incorporating demographic, biophysical, and biochemical factors,
has been developed to identify women at high risk of developing
preeclampsia. This model aids in the early identification and monitoring
of at-risk pregnancies [5].

Preventive strategies

. Low-dose aspirin: The administration of low-dose aspirin
has been validated as an effective preventive measure, significantly
reducing the risk of preterm preeclampsia when started early in
pregnancy [83, 86].

. Lifestyle and dietary interventions: Stress reduction, dietary
changes, and lifestyle modifications are being explored as preventive
measures. These interventions aim to address underlying risk factors
and improve overall maternal health [80].

. Pharmacological innovations: Emerging therapies include
the use of statins, CoQ10, and nitric oxide donors, which target the
pathophysiological mechanisms of preeclampsia. These therapies are
in various stages of clinical trials and show promise in reducing the
incidence and severity of the condition [86, 87].

Management approaches

. Pharmacological management: Antihypertensives and
magnesium sulfate remain essential for managing acute symptoms
of preeclampsia. New therapeutic approaches, such as antiangiogenic
therapies and hypoxia-inducible factor suppression, are being
investigated to improve outcomes [86, 88].

. Delivery timing: Expedited delivery in cases of late preterm
preeclampsia has been shown to protect against maternal adverse
outcomes, although it may increase neonatal unit admissions. This
highlights the need for careful decision-making regarding delivery
timing [84].

. Multidisciplinary care: A comprehensive, multidisciplinary
approach is crucial for managing preeclampsia, involving obstetricians,
neonatologists, and other healthcare professionals to optimize maternal
and fetal outcomes [88].

To address the disproportionate burden of preeclampsia on
minority populations, future research should adopt a multilevel
framework that incorporates the influence of behavioral,
environmental, and healthcare system factors, alongside individual
risk factors [27]. This holistic approach may facilitate the development
of effective strategies to mitigate the impact of preeclampsia and
improve health outcomes for all women. While significant progress
has been made in the prevention and management of preeclampsia,
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challenges remain. The exact pathophysiology of the condition is not
fully understood, and current treatments are not universally effective.
Continued research is necessary to uncover the molecular mechanisms
underlying preeclampsia and to develop more targeted therapies.
Additionally, addressing healthcare disparities and ensuring access to
advanced screening and management options are critical for improving
outcomes across diverse populations [11, 86].

Conclusion

Preeclampsia remains a multifaceted disorder with significant
global health implications, characterized by complex interactions
between placental, vascular, and immunological mechanisms. Despite
advances in understanding its pathophysiology, delivery of the placenta
remains the only definitive treatment, often necessitating preterm birth
with associated neonatal risks. Current innovations-such as the sFlt-1/
PIGF ratio for early prediction, pravastatin for prevention, and tailored
antihypertensive regimens-demonstrate promising improvements in
maternal and fetal outcomes. However, disparities in access to these
advancements persist, particularly in low-resource settings where the
burden of preeclampsia is highest. Addressing these inequities through
scalable screening programs and cost-effective therapies must be
prioritized to reduce global morbidity and mortality.

Looking ahead, the integration of artificial intelligence for risk
stratification, alongside targeted therapies addressing angiogenic
imbalance and oxidative stress, holds transformative potential. Future
research should focus on personalized approaches that account
for racial, ethnic, and socioeconomic factors influencing disease
susceptibility and treatment response. Collaborative efforts among
researchers, clinicians, and policymakers are essential to translating
mechanistic insights into equitable clinical practices. By combining
innovative diagnostics, pharmacotherapies, and community-based
interventions, the field can move closer to eliminating preventable
deaths and long-term complications associated with this pervasive
pregnancy complication.

Acknowledgements

None.

Conflict of Interest
None.

References

1. Ali M, Ahmed M, Memon M, Chandio F, Shaikh Q, et al. (2024) Preeclampsia: a
comprehensive review. Clin Chim Acta 563: 119922. https://doi.org/10.1016/].
cca.2024.119922

2. Nirupama R, Divyashree S, Janhavi P, Muthukumar SP, Ravindra PV (2021)
Preeclampsia: pathophysiology and management. J Gynecol Obstet Hum Reprod 50:
101975. https://doi.org/10.1016/j.jogoh.2020.101975

3. Overton E, Tobes D, Lee A (2022) Preeclampsia diagnosis and management. Best
Pract Res Clin Anaesthesiol 36: 107-121. https://doi.org/10.1016/j.bpa.2022.02.003

4. Narkhede AM, Karnad DR (2021) Preeclampsia and related problems. Indian J Crit
Care Med 25: S261-266. https://doi.org/10.5005/jp-journals-10071-24032

5. Kahramanoglu O, Schiattarella A, Demirci O, Sisti G, Ammaturo FP, et al. (2022)
Preeclampsia: state of art and future perspectives. A special focus on possible
preventions. J Obstet Gynaecol 42: 766-777. https://doi.org/10.1080/01443615.2022
2048810

6. Dimitriadis E, Rolnik DL, Zhou W, Estrada-Gutierrez G, Koga K, et al. (2023) Pre-
eclampsia. Nat Rev Dis Primers 9: 8. https://doi.org/10.1038/s41572-023-00417-6

7. Yang M, Wang M, Li N (2024) Advances in pathogenesis of preeclampsia. Arch
Gynecol Obstet 309: 1815-1823. https://doi.org/10.1007/s00404-024-07393-6

Pages: 9-11


https://doi.org/10.47275/2953-4763-457
https://www.sciencedirect.com/science/article/abs/pii/S0009898124021752?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0009898124021752?via%3Dihub
https://doi.org/10.1016/j.cca.2024.119922
https://doi.org/10.1016/j.cca.2024.119922
https://www.sciencedirect.com/science/article/abs/pii/S2468784720303457?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2468784720303457?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2468784720303457?via%3Dihub
https://doi.org/10.1016/j.jogoh.2020.101975
https://www.sciencedirect.com/science/article/abs/pii/S1521689622000076
https://www.sciencedirect.com/science/article/abs/pii/S1521689622000076
https://doi.org/10.1016/j.bpa.2022.02.003
https://www.ijccm.org/doi/pdf/10.5005/jp-journals-10071-24032
https://www.ijccm.org/doi/pdf/10.5005/jp-journals-10071-24032
https://doi.org/10.5005/jp-journals-10071-24032
https://www.tandfonline.com/doi/full/10.1080/01443615.2022.2048810
https://www.tandfonline.com/doi/full/10.1080/01443615.2022.2048810
https://www.tandfonline.com/doi/full/10.1080/01443615.2022.2048810
https://doi.org/10.1080/01443615.2022.2048810
https://doi.org/10.1080/01443615.2022.2048810
https://www.nature.com/articles/s41572-023-00417-6
https://www.nature.com/articles/s41572-023-00417-6
https://doi.org/10.1038/s41572-023-00417-6
https://link.springer.com/article/10.1007/s00404-024-07393-6
https://link.springer.com/article/10.1007/s00404-024-07393-6
https://doi.org/10.1007/s00404-024-07393-6

o

Citation: Kumar DK, Balakrishnan MP, Satish S, Pushparajan VK (2026) From Epidemiology to Therapeutics: A Holistic Review of Preeclampsia’s Burden,
Mechanisms, Risks, and Innovations. Prensa Med Argent, Volume 112:1. 457. DOI: https://doi.org/10.47275/2953-4763-457

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Chiang YT, Seow KM, Chen KH (2024) The pathophysiological, genetic, and
hormonal changes in preeclampsia: a systematic review of the molecular mechanisms.
Int J Mol Sci 25: 4532. https://doi.org/10.3390/ijms25084532

Yagel S, Cohen SM, Goldman-Wohl D (2022) An integrated model of preeclampsia:
a multifaceted syndrome of the maternal cardiovascular-placental-fetal array. Am J
Obstet Gynecol 226: S963-S972. https://doi.org/10.1016/j.aj0g.2020.10.023

Chang KJ, Seow KM, Chen KH (2023) Preeclampsia: recent advances in predicting,
preventing, and managing the maternal and fetal life-threatening condition. Int J
Environ Res Public Health 20: 2994. https://doi.org/10.3390/ijerph20042994

Sakowicz A, Bralewska M, Rybak-Krzyszkowska M, Grzesiak M, Pietrucha T (2023)
New ideas for the prevention and treatment of preeclampsia and their molecular
inspirations. Int J Mol Sci 24: 12100. https://doi.org/10.3390/ijms241512100

Asmanidar A, Emilda E (2024) Optimizing maternal healthcare: holistic strategies for
early detection and management of preeclampsia. Sci Midwifery 12: 158-167.

Karrar SA, Martingano DJ, Hong PL (2024) Preeclampsia. StatPearls Publishing.

Johnson KM, Smith L, Modest AM, Salahuddin S, Karumanchi SA, et al. (2021)
Angiogenic factors and prediction for ischemic placental disease in future pregnancies.
Pregnancy Hypertens 25: 12-17. https://doi.org/10.1016/j.preghy.2021.05.011

Ives CW, Sinkey R, Rajapreyar I, Tita AT, Oparil S (2020) Preeclampsia—
pathophysiology and clinical presentations: JACC state-of-the-art review. J Am Coll
Cardiol 76: 1690-1702. https://doi.org/10.1016/j.jacc.2020.08.014

Lee SH, Park SY, Choi CS (2022) Insulin resistance: from mechanisms to therapeutic
strategies. Diabetes Metab J 46: 15-37. https://doi.org/10.4093/dmj.2021.0280

Francis A, Harhay MN, Ong AC, Tummalapalli SL, Ortiz A, et al. (2024) Chronic
kidney disease and the global public health agenda: an international consensus. Nat
Rev Nephrol 20: 473-485. https://doi.org/10.1038/s41581-024-00820-6

Rana S, Lemoine E, Granger JP, Karumanchi SA (2019) Preeclampsia:
pathophysiology, challenges, and perspectives. Circ Res 124: 1094-1112. https://doi.
org/10.1161/circresaha.118.313276

Armaly Z, Jadaon JE, Jabbour A, Abassi ZA (2018) Preeclampsia: novel mechanisms
and potential therapeutic approaches. Front Physiol 9: 1-15. https://doi.org/10.3389/
fphys.2018.00973

Ortega MA, Fraile-Martinez O, Garcia-Montero C, Sdez MA, Alvarez-Mon MA, et
al. (2022) The pivotal role of the placenta in normal and pathological pregnancies: a
focus on preeclampsia, fetal growth restriction, and maternal chronic venous disease.
Cells 11: 568. https://doi.org/10.3390/cells11030568

Abalos E, Cuesta C, Grosso AL, Chou D, Say L (2013) Global and regional estimates
of preeclampsia and eclampsia: a systematic review. Eur J Obstet Gynecol Reprod
Biol 170: 1-7. https://doi.org/10.1016/j.ejogrb.2013.05.005

Wheeler SM, Myers SO, Swamy GK, Myers ER (2022) Estimated prevalence of risk
factors for preeclampsia among individuals giving birth in the US in 2019. JAMA
Netw Open 5: €2142343. https://doi.org/10.1001/jamanetworkopen.2021.42343

Yang Y, Le Ray I, Zhu J, Zhang J, Hua J, et al. (2021) Preeclampsia prevalence,
risk factors, and pregnancy outcomes in Sweden and China. JAMA Netw Open 4:
€218401. https://doi.org/10.1001/jamanetworkopen.2021.8401

O’Kelly AC, Michos ED, Shufelt CL, Vermunt JV, Minissian MB, et al. (2022)
Pregnancy and reproductive risk factors for cardiovascular disease in women. Circ
Res 130: 652-672. https://doi.org/10.1161/circresaha.121.319895

Cuffe JS, Holland O, Salomon C, Rice GE, Perkins AV (2017) Placental derived
biomarkers of pregnancy disorders. Placenta 54: 104-110. https://doi.org/10.1016/j.
placenta.2017.01.119

Thakkar A, Hailu T, Blumenthal RS, Martin SS, Harrington CM, et al. (2022) Cardio-
obstetrics: the next frontier in cardiovascular disease prevention. Curr Atheroscler Rep
24: 493-507. https://doi.org/10.1007/s11883-022-01026-6

Johnson JD, Louis JM (2022) Does race or ethnicity play a role in the origin,
pathophysiology, and outcomes of preeclampsia? an expert review of the literature.
Am J Obstet Gynecol 226: S876-S885. https://doi.org/10.1016/j.ajog.2020.07.038

Haddu FM, Sri HSSB (2025) A comprehensive survey on cassava disease detection
and classification using deep learning models. SCT Proc Interdiscip Insights Innov 3:
377. https://doi.org/10.56294/piii2025377

Hofmeyr GJ, Lawrie TA, Atallah AN, Torloni MR (2018) Calcium supplementation
during pregnancy for preventing hypertensive disorders and related problems.
Cochrane Database Syst Rev 2018. https://doi.org/10.1002/14651858.cd001059.pub5

Prensa Med Argent, Volume 112:1

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Hegazy A, Eid FA, Ennab F, Sverrisdottir YB, Atiomo W, Azar AJ (2024) Prevalence
of pre-eclampsia in women in the Middle East: a scoping review. Front Public Health
12: 1-7. https://doi.org/10.3389/fpubh.2024.1384964

Shandilya V, Sinha N, Rani S (2023) Preeclampsia: prevalence, risk factors, and
impact on mother and fetus. Indian J Cardiovasc Dis Women 8: 193-199. https://doi.
org/10.25259/ijedw_32_2023

Tesfahun E, Tadesse S, Hailu A, Minda A, Ekubay M, et al. (2023) Prevalence of
preeclampsia and associated factors among antenatal care attending mothers at
Tirunesh Beijing General Hospital, Addis Ababa, Ethiopia. Adv Public Health 2023.
https://doi.org/10.1155/2023/1132497

Anto EO, Boadu WIO, Ansah E, Tawiah A, Frimpong J, et al. (2023) Prevalence of
preeclampsia and algorithm of adverse foeto-maternal risk factors among pregnant
women in the Central Region of Ghana: a multicentre prospective cross-sectional
study. PLoS One 18: €0288079. https://doi.org/10.1371/journal.pone.0288079

Adwoa N, Kunfah JA, Akayuure CA, Kappiah J, Kampo S (2022) Prevalence and
demographic distribution associated with pre-eclampsia among pregnant women at a
local teaching hospital in Ghana. medRxiv 2022: 1-19. https://doi.org/10.1101/2022
.05.18.22275250

Garba SR (2025) Prevalence and outcome of preeclampsia among women attending
the rural hospital in Karu Abuja. Saudi J Med 10: 6-11. https://doi.org/10.36348/
§jm.2025.v10i01.001

Abdollahpour S, Khadivzadeh T, Shafeei M, Arian M (2024) Prevalence of
preeclampsia and eclampsia in Iran: an updated systematic review and meta-analysis.
Iran J Nurs Midwifery Res 29: 495-502. https://doi.org/10.4103/ijnmr.ijnmr 299 23

Akhter SN, Khatun R, Shamima MN, Sultana N, Khatun A, et al. (2024) Prevalence
of preeclampsia and its associated risk factors in Rajshahi region, Bangladesh. Int
J Reprod Contracept Obstet Gynecol 13: 1952—-1960. https://doi.org/10.18203/2320-
1770.ijrcog20241965

Mou AD, Barman Z, Hasan M, Miah R, Hafsa JM, et al. (2021) Prevalence of
preeclampsia and the associated risk factors among pregnant women in Bangladesh.
Sci Rep 11: 1-9. https://doi.org/10.1038/341598-021-00839-w

Jena MK, Sharma NR, Petitt M, Maulik D, Nayak NR (2020) Pathogenesis of
preeclampsia and therapeutic approaches targeting the placenta. Biomolecules 10:
953. https://doi.org/10.3390/biom 10060953

Warrington JP, George EM, Palei AC, Spradley FT, Granger JP (2013) Recent
advances in the understanding of the pathophysiology of preeclampsia. Hypertension
62: 666-673. https://doi.org/10.1161/hypertensionaha.113.00588

Umapathy A, Chamley LW, James JL (2020) Reconciling the distinct roles of
angiogenic/anti-angiogenic factors in the placenta and maternal circulation of normal
and pathological pregnancies. Angiogenesis 23: 105-117. https://doi.org/10.1007/
510456-019-09694-w

Shah DA, Khalil RA (2015) Bioactive factors in uteroplacental and systemic circulation
link placental ischemia to generalized vascular dysfunction in hypertensive pregnancy
and preeclampsia. Biochem Pharmacol 95: 211-226. https://doi.org/10.1016/j.
bep.2015.04.012

Zarate A, Saucedo R, Valencia J, Manuel L, Hernandez M (2014) Early disturbed
placental ischemia and hypoxia creates immune alteration and vascular disorder
causing preeclampsia. Arch Med Res 45: 519-524. https://doi.org/10.1016/j.
arcmed.2014.10.003

Daggett EE, Ananth CV (2025) Ischemic placental disease: epidemiology and impact
on maternal and offspring health along the life course. Clin Obstet Gynecol 68: 105-
110. https://doi.org/10.1097/grf.0000000000000914

Torres-Torres J, Espino-y-Sosa S, Martinez-Portilla R, Borboa-Olivares H, Estrada-
Gutierrez G, et al. (2024) A narrative review on the pathophysiology of preeclampsia.
Int J Mol Sci 25: 7569. https://doi.org/10.3390/ijms25147569

Kokrasvili A, Harizopoulou V, Bolou A, Gourounti K (2024) Pathophysiology of
preeclampsia. Pharmakon Press 41: 135-140. https://doi.org/10.61873/CQZB7130

Laresgoiti-Servitie E, Gomez-Lopez N (2012) The pathophysiology of
preeclampsia involves altered levels of angiogenic factors promoted by hypoxia and
autoantibody-mediated mechanisms. Biol Reprod 87: 1-7. https://doi.org/10.1095/
biolreprod.112.099861

Findik DG, Take G (2023) Molecular pathways that play a role in the preeclampsia
pathophysiology. Kocatepe Tip Derg 24: 380-387. https://doi.org/10.18229/
kocatepetip.988858

Kornacki J, Olejniczak O, Sibiak R, Gutaj P, Wender-Ozegowska E (2023)

Pages: 10-11


https://doi.org/10.47275/2953-4763-457
https://www.mdpi.com/1422-0067/25/8/4532
https://www.mdpi.com/1422-0067/25/8/4532
https://www.mdpi.com/1422-0067/25/8/4532
https://doi.org/10.3390/ijms25084532
https://www.ajog.org/article/S0002-9378(20)31197-2/fulltext
https://www.ajog.org/article/S0002-9378(20)31197-2/fulltext
https://www.ajog.org/article/S0002-9378(20)31197-2/fulltext
https://doi.org/10.1016/j.ajog.2020.10.023
https://www.mdpi.com/1660-4601/20/4/2994
https://www.mdpi.com/1660-4601/20/4/2994
https://www.mdpi.com/1660-4601/20/4/2994
https://doi.org/10.3390/ijerph20042994
https://www.mdpi.com/1422-0067/24/15/12100
https://www.mdpi.com/1422-0067/24/15/12100
https://www.mdpi.com/1422-0067/24/15/12100
https://doi.org/10.3390/ijms241512100
https://midwifery.iocspublisher.org/index.php/midwifery/article/view/1442
https://midwifery.iocspublisher.org/index.php/midwifery/article/view/1442
https://www.ncbi.nlm.nih.gov/sites/books/NBK570611/
https://www.sciencedirect.com/science/article/abs/pii/S2210778921000404?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2210778921000404?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2210778921000404?via%3Dihub
https://doi.org/10.1016/j.preghy.2021.05.011
https://www.jacc.org/doi/10.1016/j.jacc.2020.08.014
https://www.jacc.org/doi/10.1016/j.jacc.2020.08.014
https://www.jacc.org/doi/10.1016/j.jacc.2020.08.014
https://doi.org/10.1016/j.jacc.2020.08.014
https://e-dmj.org/journal/view.php?doi=10.4093/dmj.2021.0280
https://e-dmj.org/journal/view.php?doi=10.4093/dmj.2021.0280
https://doi.org/10.4093/dmj.2021.0280
https://www.nature.com/articles/s41581-024-00820-6
https://www.nature.com/articles/s41581-024-00820-6
https://www.nature.com/articles/s41581-024-00820-6
https://doi.org/10.1038/s41581-024-00820-6
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.118.313276
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.118.313276
https://doi.org/10.1161/circresaha.118.313276
https://doi.org/10.1161/circresaha.118.313276
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2018.00973/full
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2018.00973/full
https://doi.org/10.3389/fphys.2018.00973
https://doi.org/10.3389/fphys.2018.00973
https://www.mdpi.com/2073-4409/11/3/568
https://www.mdpi.com/2073-4409/11/3/568
https://www.mdpi.com/2073-4409/11/3/568
https://www.mdpi.com/2073-4409/11/3/568
https://doi.org/10.3390/cells11030568
https://www.ejog.org/article/S0301-2115(13)00196-6/abstract
https://www.ejog.org/article/S0301-2115(13)00196-6/abstract
https://www.ejog.org/article/S0301-2115(13)00196-6/abstract
https://doi.org/10.1016/j.ejogrb.2013.05.005
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2787577
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2787577
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2787577
https://doi.org/10.1001/jamanetworkopen.2021.42343
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2779753
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2779753
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2779753
https://doi.org/10.1001/jamanetworkopen.2021.8401
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.121.319895
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.121.319895
https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.121.319895
https://doi.org/10.1161/circresaha.121.319895
https://www.sciencedirect.com/science/article/abs/pii/S0143400417301212?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0143400417301212?via%3Dihub
https://doi.org/10.1016/j.placenta.2017.01.119
https://doi.org/10.1016/j.placenta.2017.01.119
https://link.springer.com/article/10.1007/s11883-022-01026-6
https://link.springer.com/article/10.1007/s11883-022-01026-6
https://link.springer.com/article/10.1007/s11883-022-01026-6
https://doi.org/10.1007/s11883-022-01026-6
https://www.ajog.org/article/S0002-9378(20)30769-9/fulltext
https://www.ajog.org/article/S0002-9378(20)30769-9/fulltext
https://www.ajog.org/article/S0002-9378(20)30769-9/fulltext
https://doi.org/10.1016/j.ajog.2020.07.038
https://proceedings.ageditor.ar/index.php/piii/article/view/377
https://proceedings.ageditor.ar/index.php/piii/article/view/377
https://proceedings.ageditor.ar/index.php/piii/article/view/377
https://doi.org/10.56294/piii2025377
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD001059.pub5/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD001059.pub5/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD001059.pub5/full
https://doi.org/10.1002/14651858.cd001059.pub5
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2024.1384964/full
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2024.1384964/full
https://www.frontiersin.org/journals/public-health/articles/10.3389/fpubh.2024.1384964/full
https://doi.org/10.3389/fpubh.2024.1384964
https://ijcdw.org/preeclampsia-prevalence-risk-factors-and-impact-on-mother-and-fetus/
https://ijcdw.org/preeclampsia-prevalence-risk-factors-and-impact-on-mother-and-fetus/
https://doi.org/10.25259/ijcdw_32_2023
https://doi.org/10.25259/ijcdw_32_2023
https://onlinelibrary.wiley.com/doi/10.1155/2023/1132497
https://onlinelibrary.wiley.com/doi/10.1155/2023/1132497
https://onlinelibrary.wiley.com/doi/10.1155/2023/1132497
https://doi.org/10.1155/2023/1132497
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0288079
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0288079
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0288079
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0288079
https://doi.org/10.1371/journal.pone.0288079
https://www.medrxiv.org/content/10.1101/2022.05.18.22275250v1.article-info
https://www.medrxiv.org/content/10.1101/2022.05.18.22275250v1.article-info
https://www.medrxiv.org/content/10.1101/2022.05.18.22275250v1.article-info
https://doi.org/10.1101/2022.05.18.22275250
https://doi.org/10.1101/2022.05.18.22275250
https://saudijournals.com/media/articles/SJM_101_1-6.pdf
https://saudijournals.com/media/articles/SJM_101_1-6.pdf
https://doi.org/10.36348/sjm.2025.v10i01.001
https://doi.org/10.36348/sjm.2025.v10i01.001
https://journals.lww.com/jnmr/fulltext/2024/29050/prevalence_of_preeclampsia_and_eclampsia_in_iran_.1.aspx
https://journals.lww.com/jnmr/fulltext/2024/29050/prevalence_of_preeclampsia_and_eclampsia_in_iran_.1.aspx
https://journals.lww.com/jnmr/fulltext/2024/29050/prevalence_of_preeclampsia_and_eclampsia_in_iran_.1.aspx
https://doi.org/10.4103/ijnmr.ijnmr_299_23
https://www.ijrcog.org/index.php/ijrcog/article/view/14393
https://www.ijrcog.org/index.php/ijrcog/article/view/14393
https://www.ijrcog.org/index.php/ijrcog/article/view/14393
https://doi.org/10.18203/2320-1770.ijrcog20241965
https://doi.org/10.18203/2320-1770.ijrcog20241965
https://www.nature.com/articles/s41598-021-00839-w
https://www.nature.com/articles/s41598-021-00839-w
https://www.nature.com/articles/s41598-021-00839-w
https://doi.org/10.1038/s41598-021-00839-w
https://www.mdpi.com/2218-273X/10/6/953
https://www.mdpi.com/2218-273X/10/6/953
https://www.mdpi.com/2218-273X/10/6/953
https://doi.org/10.3390/biom10060953
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.113.00588
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.113.00588
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.113.00588
https://doi.org/10.1161/hypertensionaha.113.00588
https://link.springer.com/article/10.1007/s10456-019-09694-w
https://link.springer.com/article/10.1007/s10456-019-09694-w
https://link.springer.com/article/10.1007/s10456-019-09694-w
https://doi.org/10.1007/s10456-019-09694-w
https://doi.org/10.1007/s10456-019-09694-w
https://www.sciencedirect.com/science/article/abs/pii/S0006295215002178?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006295215002178?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006295215002178?via%3Dihub
https://doi.org/10.1016/j.bcp.2015.04.012
https://doi.org/10.1016/j.bcp.2015.04.012
https://www.sciencedirect.com/science/article/abs/pii/S0188440914002161?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0188440914002161?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0188440914002161?via%3Dihub
https://doi.org/10.1016/j.arcmed.2014.10.003
https://doi.org/10.1016/j.arcmed.2014.10.003
https://journals.lww.com/clinicalobgyn/abstract/2025/03000/ischemic_placental_disease__epidemiology_and.18.aspx
https://journals.lww.com/clinicalobgyn/abstract/2025/03000/ischemic_placental_disease__epidemiology_and.18.aspx
https://journals.lww.com/clinicalobgyn/abstract/2025/03000/ischemic_placental_disease__epidemiology_and.18.aspx
https://doi.org/10.1097/grf.0000000000000914
https://www.mdpi.com/1422-0067/25/14/7569
https://www.mdpi.com/1422-0067/25/14/7569
https://www.mdpi.com/1422-0067/25/14/7569
https://doi.org/10.3390/ijms25147569
https://pharmakonpress.gr/?p=19277
https://pharmakonpress.gr/?p=19277
https://doi.org/10.61873/CQZB7130
https://academic.oup.com/biolreprod/article-abstract/87/2/36, 1-7/2513813?redirectedFrom=fulltext&login=false
https://academic.oup.com/biolreprod/article-abstract/87/2/36, 1-7/2513813?redirectedFrom=fulltext&login=false
https://academic.oup.com/biolreprod/article-abstract/87/2/36, 1-7/2513813?redirectedFrom=fulltext&login=false
https://doi.org/10.1095/biolreprod.112.099861
https://doi.org/10.1095/biolreprod.112.099861
https://dergipark.org.tr/en/pub/kocatepetip/article/988858
https://dergipark.org.tr/en/pub/kocatepetip/article/988858
https://doi.org/10.18229/kocatepetip.988858
https://doi.org/10.18229/kocatepetip.988858
https://www.mdpi.com/1422-0067/25/1/307

o

Citation: Kumar DK, Balakrishnan MP, Satish S, Pushparajan VK (2026) From Epidemiology to Therapeutics: A Holistic Review of Preeclampsia’s Burden,
Mechanisms, Risks, and Innovations. Prensa Med Argent, Volume 112:1. 457. DOI: https://doi.org/10.47275/2953-4763-457

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Pathophysiology of pre-eclampsia—two theories of the development of the disease.
Int J Mol Sci 25: 307. https://doi.org/10.3390/ijms25010307

Michalezyk M, Celewicz A, Celewicz M, Wozniakowska-Gondek P, Rzepka R (2020)
The role of inflammation in the pathogenesis of preeclampsia. Mediators Inflamm
2020. https://doi.org/10.1155/2020/3864941

Andronikidi PE, Orovou E, Mavrigiannaki E, Athanasiadou V, Tzitiridou-
Chatzopoulou M, et al. (2024) Placental and renal pathways underlying pre-eclampsia.
Int J Mol Sci 25: 2741. https://doi.org/10.3390/ijms25052741

Zhang X, Chen Y, Sun D, Zhu X, Ying X, et al. (2022) Emerging pharmacologic
interventions for pre-eclampsia treatment. Expert Opin Ther Targets 26: 739-759.
https://doi.org/10.1080/14728222.2022.2134779

Cuil, Yang Z, Ma R, He W, Tao H, et al. (2024) Placenta-targeted treatment strategies
for preeclampsia and fetal growth restriction: an opportunity and major challenge.
Stem Cell Rev Rep 20: 1501-1511. https://doi.org/10.1007/s12015-024-10739-x

Ai-ris YC, Smith LA, Karumanchi SA (2021) Review of the immune mechanisms
of preeclampsia and the potential of immune modulating therapy. Hum Immunol 82:
362-370. https://doi.org/10.1016/j.humimm.2021.01.004

Mazer Zumaeta A, Wright A, Syngelaki A, Maritsa VA, Da Silva AB, Nicolaides KH.
Screening for pre-eclampsia at 11-13 weeks’ gestation: use of pregnancy-associated
plasma protein-A, placental growth factor or both. Ultrasound Obstet Gynecol 56:
400-407. https://doi.org/10.1002/u0g.22093

Roberts JM, King TL, Barton JR, Beck S, Bernstein IM, et al. (2023) Care plan for
individuals at risk for preeclampsia: shared approach to education, strategies for
prevention, surveillance, and follow-up. Am J Obstet Gynecol 229: 193-213. https:/
doi.org/10.1016/j.ajog.2023.04.023

Von Dadelszen P, Vidler M, Tsigas E, Magee LA (2021) Management of preeclampsia
in low- and middle-income countries: lessons to date, and questions arising, from
the PRE-EMPT and related initiatives. Mater Fetal Med 3: 136-150. https://doi.
org/10.1097/FM9.0000000000000096

Thadhani R, Cerdeira AS, Karumanchi SA (2024) Translation of mechanistic
advances in preeclampsia to the clinic: long and winding road. FASEB J 38: €23441.
https://doi.org/10.1096/1].202301808r

Taylor J, Sharp A, Rannard SP, Arrowsmith S, McDonald TO (2023) Nanomedicine
strategies to improve therapeutic agents for the prevention and treatment of preterm
birth and future directions. Nanoscale Adv 5: 1870-1889. https://doi.org/10.1039/
d2na00834c

David AL, Ahmadzia H, Ashcroft R, Bucci-Rechtweg C, Spencer RN, Thornton S
(2022) Improving development of drug treatments for pregnant women and the fetus.
Ther Innov Regul Sci 56: 976-990. https://doi.org/10.1007/s43441-022-00433-w

McCoy S, Baldwin K (2009) Pharmacotherapeutic options for the treatment of
preeclampsia. Am J Health Syst Pharm 66: 337-344. https://doi.org/10.2146/
ajhp080104

Aldika Akbar MI, Rosaudyn R, Gumilar KE, Shanmugalingam R, Dekker G (2025)
Secondary prevention of preeclampsia. Front Cell Dev Biol 13: 1-16. https:/doi.
org/10.3389/fcell.2025.1520218

Paternoster DM, Fantinato S, Manganelli F, Nicolini U, Milani M, Girolami A
(2004) Recent progress in the therapeutic management of pre-eclampsia. Expert Opin
Pharmacother 5: 2233-2239. https://doi.org/10.1517/14656566.5.11.2233

Rafii Tabrizi A, Ayoubi JM, Ahmed B (2021) Practical approach to the prevention of
preeclampsia: from screening to pharmaceutical intervention. J Matern Fetal Neonatal
Med 34: 152-158. https://doi.org/10.1080/14767058.2019.1588877

Easterling T, Mundle S, Bracken H, Parvekar S, Mool S, et al. (2019) Oral
antihypertensive regimens (nifedipine retard, labetalol, and methyldopa) for
management of severe hypertension in pregnancy: an open-label, randomised controlled
trial. Lancet 394: 1011-1021. https://doi.org/10.1016/s0140-6736(19)31282-6

Arias-Hernandez G, Vargas-De-Leon C, Calzada-Mendoza CC, Ocharan-Hernandez
ME (2020) Efficacy of diltiazem for the control of blood pressure in puerperal patients
with severe preeclampsia: a randomized, single-blind, controlled trial. Int J Hypertens
2020: 5347918. https://doi.org/10.1155/2020/5347918

Bijvank SWN, Visser W, Duvekot JJ, Steegers EA, Edens MA, et al. (2015)
Ketanserin versus dihydralazine for the treatment of severe hypertension in early-
onset preeclampsia: a double blind randomized controlled trial. Eur J Obstet Gynecol
Reprod Biol 189: 106-111. https://doi.org/10.1016/j.ejogrb.2015.02.002

Hanff LM, Vulto AG, Bartels PA, Roofthooft DW, Bijvank BN, et al. (2005)
Intravenous use of the calcium-channel blocker nicardipine as second-line treatment

Prensa Med Argent, Volume 112:1

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

in severe, early-onset pre-eclamptic patients. J Hypertens 23: 2319-2326. https://doi.
org/10.1097/01.hjh.0000188729.73807.16

Cornette J, Buijs EA, Duvekot JJ, Herzog E, Roos-Hesselink JW, et al. (2016)
Hemodynamic effects of intravenous nicardipine in severely pre-eclamptic women
with a hypertensive crisis. Ultrasound Obstet Gynecol 47: 89-95. https://doi.
org/10.1002/uog.14836

Akbar MIA, Azis MA, Riu DS, Wawengkang E, Ernawati E, et al. (2024) INOVASIA
study: a multicenter randomized clinical trial of pravastatin to prevent preeclampsia in
high-risk patients. Am J Perinatol 41: 1203-1211. https://doi.org/10.1055/a-1798-1925

Cerdeira AS, O’Sullivan J, Ohuma EO, Harrington D, Szafranski P, et al. (2019)
Randomized interventional study on prediction of preeclampsia/eclampsia in women
with suspected preeclampsia: INSPIRE. Hypertension 74: 983-990. https://doi.
org/10.1161/hypertensionaha.119.12739

Bozorgan TJ, Azadi P, Dehghani Z (2022) Assessment of the effect of adding
furosemide to antihypertensive treatment on postpartum hypertension in women
with preeclampsia: a randomized clinical trial. J Renal Inj Prev 11. https://doi.
org/10.34172/jrip.2022.31977

Sinha N, Singh S, Agarwal M, Manjhi PK, Kumar R, et al. (2023) A randomized
controlled study comparing the efficacy of 75mg versus 150mg aspirin for the
prevention of preeclampsia in high-risk pregnant women. Cureus 15: ¢39752. https:/
doi.org/10.7759/cureus.39752

Saxena U, Lachyan A, Goyal C, Kapoor G, Agarwal K, Prasad S (2024) Comparison
of 75 mg versus 150 mg aspirin for the prevention of preterm preeclampsia in high-
risk women at a tertiary level hospital: study protocol for a randomized double-blind
clinical trial. Trials 25: 1-19. https://doi.org/10.1186/s13063-024-08520-z

Reechaye D, Perrine ALA, Robinson J, Banerjee I (2024) New drug therapies for
women with eclampsia - impact on prognosis as compared to standard treatment: a
systematic review of randomized controlled trials. Glob ] Med Pharm Biomed Update
19: 1-8. https://doi.org/10.25259/gjmpbu_5_2024

Bird MD (2021) Under pressure: placental growth factor aids in preeclampsia
diagnosis. Evid Based Pract 24: 3. https://doi.org/10.1097/EBP.0000000000000926

Espinoza J (2021) Low-dose aspirin for the prevention of preeclampsia. JAMA 326:
1153-1155. https://doi.org/10.1001/jama.2021.14646

Horgan R, Diab YH, Waller J, Abuhamad A, Saade G (2023) Low-dose aspirin
therapy for the prevention of preeclampsia: time to reconsider our recommendations?
Am J Obstet Gynecol 229: 410-418. https://doi.org/10.1016/j.ajog.2023.04.031

Tolcher MC, Sangi-Haghpeykar H, Mendez-Figueroa H, Aagaard KM (2020) Low-
dose aspirin for preeclampsia prevention: efficacy by ethnicity and race. Am J Obstet
Gynecol MFM 2: 1-8. https://doi.org/10.1016/j.ajogmf.2020.100184

Mészaros B, Kukor Z, Valent S (2023) Recent advances in the prevention and
screening of preeclampsia. J Clin Med 12: 6020. https://doi.org/10.3390/jcm12186020

Ma’ayeh M, Rood KM, Kniss D, Costantine MM (2020) Novel interventions for the
prevention of preeclampsia. Curr Hypertens Rep 22: 1-8. https://doi.org/10.1007/
$11906-020-1026-8

Maric-Bilkan C, Abrahams VM, Arteaga SS, Bourjeily G, Conrad KP, et al. (2019)
Research recommendations from the National Institutes of Health workshop on
predicting, preventing, and treating preeclampsia. Hypertension 73: 757-766. https://
doi.org/10.1161/hypertensionaha.118.11644

Durdu CE, Bohiltea RE (2024) Advancements in preeclampsia: innovative screening
methods and effective prevention strategies. Ginecologia Ro 2024. https://doi.
org/10.26416/Gine.44.2.2024.9668

Hurrell A, Duhig K, Vandermolen B, Shennan AH (2020) Recent advances in the
diagnosis and management of pre-eclampsia. Fac Rev 9: 10. https://doi.org/10.12688/
f1000research.12249.1

Feng W, Luo Y (2024) Preeclampsia and its prediction: traditional versus contemporary
predictive methods. J Matern Fetal Neonatal Med 37: 1-7. https://doi.org/10.1080/14
767058.2024.2388171

Dickerson AG, Joseph CA, Kashfi K (2024) Advances in preeclampsia management:
addressing racial disparities and improving outcomes. Preprint.

Naderipour F, Keshavarzi F, Mirfakhraee H, Dini P, Jamshidnezhad N, et al. (2024)
Efficacy of L-arginine for preventing preeclampsia and improving maternal and
neonatal outcomes in high-risk pregnancies: a systematic review and meta-analysis.
Int J Fertil Steril 18: 323-328. https://doi.org/10.22074/ijfs.2024.2016433.1580

Celiz EC, Julcamoro MMV, Hilario SDV (2025) Preeclampsia: advances in
understanding, management and prevention. SCT Proceedings in Interdisciplinary
Insights and Innovations.

Pages: 11-11


https://doi.org/10.47275/2953-4763-457
https://www.mdpi.com/1422-0067/25/1/307
https://www.mdpi.com/1422-0067/25/1/307
https://doi.org/10.3390/ijms25010307
https://onlinelibrary.wiley.com/doi/10.1155/2020/3864941
https://onlinelibrary.wiley.com/doi/10.1155/2020/3864941
https://onlinelibrary.wiley.com/doi/10.1155/2020/3864941
https://doi.org/10.1155/2020/3864941
https://www.mdpi.com/1422-0067/25/5/2741
https://www.mdpi.com/1422-0067/25/5/2741
https://www.mdpi.com/1422-0067/25/5/2741
https://doi.org/10.3390/ijms25052741
https://www.tandfonline.com/doi/full/10.1080/14728222.2022.2134779
https://www.tandfonline.com/doi/full/10.1080/14728222.2022.2134779
https://doi.org/10.1080/14728222.2022.2134779
https://link.springer.com/article/10.1007/s12015-024-10739-x
https://link.springer.com/article/10.1007/s12015-024-10739-x
https://link.springer.com/article/10.1007/s12015-024-10739-x
https://doi.org/10.1007/s12015-024-10739-x
https://www.sciencedirect.com/science/article/abs/pii/S0198885921000112?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0198885921000112?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0198885921000112?via%3Dihub
https://doi.org/10.1016/j.humimm.2021.01.004
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.22093
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.22093
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.22093
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.22093
https://doi.org/10.1002/uog.22093
https://www.ajog.org/article/S0002-9378(23)00260-0/fulltext
https://www.ajog.org/article/S0002-9378(23)00260-0/fulltext
https://www.ajog.org/article/S0002-9378(23)00260-0/fulltext
https://doi.org/10.1016/j.ajog.2023.04.023
https://doi.org/10.1016/j.ajog.2023.04.023
https://journals.lww.com/mfm/fulltext/2021/04000/management_of_preeclampsia_in_low__and.8.aspx
https://journals.lww.com/mfm/fulltext/2021/04000/management_of_preeclampsia_in_low__and.8.aspx
https://journals.lww.com/mfm/fulltext/2021/04000/management_of_preeclampsia_in_low__and.8.aspx
https://doi.org/10.1097/FM9.0000000000000096
https://doi.org/10.1097/FM9.0000000000000096
https://faseb.onlinelibrary.wiley.com/doi/10.1096/fj.202301808R
https://faseb.onlinelibrary.wiley.com/doi/10.1096/fj.202301808R
https://doi.org/10.1096/fj.202301808r
https://pubs.rsc.org/en/content/articlelanding/2023/na/d2na00834c
https://pubs.rsc.org/en/content/articlelanding/2023/na/d2na00834c
https://pubs.rsc.org/en/content/articlelanding/2023/na/d2na00834c
https://doi.org/10.1039/d2na00834c
https://doi.org/10.1039/d2na00834c
https://link.springer.com/article/10.1007/s43441-022-00433-w
https://link.springer.com/article/10.1007/s43441-022-00433-w
https://link.springer.com/article/10.1007/s43441-022-00433-w
https://doi.org/10.1007/s43441-022-00433-w
https://academic.oup.com/ajhp/article-abstract/66/4/337/5130489?redirectedFrom=fulltext&login=false
https://academic.oup.com/ajhp/article-abstract/66/4/337/5130489?redirectedFrom=fulltext&login=false
https://doi.org/10.2146/ajhp080104
https://doi.org/10.2146/ajhp080104
https://www.frontiersin.org/journals/cell-and-developmental-biology/articles/10.3389/fcell.2025.1520218/full
https://www.frontiersin.org/journals/cell-and-developmental-biology/articles/10.3389/fcell.2025.1520218/full
https://doi.org/10.3389/fcell.2025.1520218
https://doi.org/10.3389/fcell.2025.1520218
https://www.tandfonline.com/doi/abs/10.1517/14656566.5.11.2233
https://www.tandfonline.com/doi/abs/10.1517/14656566.5.11.2233
https://www.tandfonline.com/doi/abs/10.1517/14656566.5.11.2233
https://doi.org/10.1517/14656566.5.11.2233
https://www.tandfonline.com/doi/full/10.1080/14767058.2019.1588877
https://www.tandfonline.com/doi/full/10.1080/14767058.2019.1588877
https://www.tandfonline.com/doi/full/10.1080/14767058.2019.1588877
https://doi.org/10.1080/14767058.2019.1588877
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)31282-6/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)31282-6/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)31282-6/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)31282-6/fulltext
https://doi.org/10.1016/s0140-6736(19)31282-6
https://onlinelibrary.wiley.com/doi/10.1155/2020/5347918
https://onlinelibrary.wiley.com/doi/10.1155/2020/5347918
https://onlinelibrary.wiley.com/doi/10.1155/2020/5347918
https://onlinelibrary.wiley.com/doi/10.1155/2020/5347918
https://doi.org/10.1155/2020/5347918
https://www.ejog.org/article/S0301-2115(15)00037-8/abstract
https://www.ejog.org/article/S0301-2115(15)00037-8/abstract
https://www.ejog.org/article/S0301-2115(15)00037-8/abstract
https://www.ejog.org/article/S0301-2115(15)00037-8/abstract
https://doi.org/10.1016/j.ejogrb.2015.02.002
https://journals.lww.com/jhypertension/abstract/2005/12000/intravenous_use_of_the_calcium_channel_blocker.26.aspx
https://journals.lww.com/jhypertension/abstract/2005/12000/intravenous_use_of_the_calcium_channel_blocker.26.aspx
https://journals.lww.com/jhypertension/abstract/2005/12000/intravenous_use_of_the_calcium_channel_blocker.26.aspx
https://doi.org/10.1097/01.hjh.0000188729.73807.16
https://doi.org/10.1097/01.hjh.0000188729.73807.16
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.14836
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.14836
https://obgyn.onlinelibrary.wiley.com/doi/10.1002/uog.14836
https://doi.org/10.1002/uog.14836
https://doi.org/10.1002/uog.14836
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/a-1798-1925
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/a-1798-1925
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/a-1798-1925
https://doi.org/10.1055/a-1798-1925
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.119.12739
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.119.12739
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.119.12739
https://doi.org/10.1161/hypertensionaha.119.12739
https://doi.org/10.1161/hypertensionaha.119.12739
https://journalrip.com/Inpress/jrip-31977
https://journalrip.com/Inpress/jrip-31977
https://journalrip.com/Inpress/jrip-31977
https://doi.org/10.34172/jrip.2022.31977
https://doi.org/10.34172/jrip.2022.31977
https://www.cureus.com/articles/148291-a-randomized-controlled-study-comparing-the-efficacy-of-75mg-versus-150mg-aspirin-for-the-prevention-of-preeclampsia-in-high-risk-pregnant-women#!/
https://www.cureus.com/articles/148291-a-randomized-controlled-study-comparing-the-efficacy-of-75mg-versus-150mg-aspirin-for-the-prevention-of-preeclampsia-in-high-risk-pregnant-women#!/
https://www.cureus.com/articles/148291-a-randomized-controlled-study-comparing-the-efficacy-of-75mg-versus-150mg-aspirin-for-the-prevention-of-preeclampsia-in-high-risk-pregnant-women#!/
https://doi.org/10.7759/cureus.39752
https://doi.org/10.7759/cureus.39752
https://link.springer.com/article/10.1186/s13063-024-08520-z
https://link.springer.com/article/10.1186/s13063-024-08520-z
https://link.springer.com/article/10.1186/s13063-024-08520-z
https://link.springer.com/article/10.1186/s13063-024-08520-z
https://doi.org/10.1186/s13063-024-08520-z
https://gjmpbu.org/new-drug-therapies-for-women-with-eclampsia-impact-on-prognosis-as-compared-to-standard-treatment-a-systematic-review-of-randomized-controlled-trials/
https://gjmpbu.org/new-drug-therapies-for-women-with-eclampsia-impact-on-prognosis-as-compared-to-standard-treatment-a-systematic-review-of-randomized-controlled-trials/
https://gjmpbu.org/new-drug-therapies-for-women-with-eclampsia-impact-on-prognosis-as-compared-to-standard-treatment-a-systematic-review-of-randomized-controlled-trials/
https://gjmpbu.org/new-drug-therapies-for-women-with-eclampsia-impact-on-prognosis-as-compared-to-standard-treatment-a-systematic-review-of-randomized-controlled-trials/
https://doi.org/10.25259/gjmpbu_5_2024
https://journals.lww.com/ebp/citation/2021/02000/under_pressure__placental_growth_factor_aids_in.2.aspx
https://journals.lww.com/ebp/citation/2021/02000/under_pressure__placental_growth_factor_aids_in.2.aspx
https://doi.org/10.1097/EBP.0000000000000926
https://jamanetwork.com/journals/jama/article-abstract/2784525
https://jamanetwork.com/journals/jama/article-abstract/2784525
https://doi.org/10.1001/jama.2021.14646
https://www.ajog.org/article/S0002-9378(23)00269-7/abstract
https://www.ajog.org/article/S0002-9378(23)00269-7/abstract
https://www.ajog.org/article/S0002-9378(23)00269-7/abstract
https://doi.org/10.1016/j.ajog.2023.04.031
https://www.ajogmfm.org/article/S2589-9333(20)30128-2/fulltext
https://www.ajogmfm.org/article/S2589-9333(20)30128-2/fulltext
https://www.ajogmfm.org/article/S2589-9333(20)30128-2/fulltext
https://doi.org/10.1016/j.ajogmf.2020.100184
https://www.mdpi.com/2077-0383/12/18/6020
https://www.mdpi.com/2077-0383/12/18/6020
https://doi.org/10.3390/jcm12186020
https://link.springer.com/article/10.1007/s11906-020-1026-8
https://link.springer.com/article/10.1007/s11906-020-1026-8
https://doi.org/10.1007/s11906-020-1026-8
https://doi.org/10.1007/s11906-020-1026-8
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.118.11644
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.118.11644
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.118.11644
https://doi.org/10.1161/hypertensionaha.118.11644
https://doi.org/10.1161/hypertensionaha.118.11644
https://www.medichub.ro/reviste-de-specialitate/ginecologia-ro/advancements-in-preeclampsia-innovative-screening-methods-and-effective-prevention-strategies-id-9668-cmsid-65
https://www.medichub.ro/reviste-de-specialitate/ginecologia-ro/advancements-in-preeclampsia-innovative-screening-methods-and-effective-prevention-strategies-id-9668-cmsid-65
https://doi.org/10.26416/Gine.44.2.2024.9668
https://doi.org/10.26416/Gine.44.2.2024.9668
https://f1000research.com/articles/7-242/v1
https://f1000research.com/articles/7-242/v1
https://doi.org/10.12688/f1000research.12249.1
https://doi.org/10.12688/f1000research.12249.1
https://www.tandfonline.com/doi/full/10.1080/14767058.2024.2388171
https://www.tandfonline.com/doi/full/10.1080/14767058.2024.2388171
https://doi.org/10.1080/14767058.2024.2388171
https://doi.org/10.1080/14767058.2024.2388171
https://www.preprints.org/frontend/manuscript/d64c22544dad4ab1e479dd44b117143c/download_pub
https://www.preprints.org/frontend/manuscript/d64c22544dad4ab1e479dd44b117143c/download_pub
https://www.ijfs.ir/article_711909.html
https://www.ijfs.ir/article_711909.html
https://www.ijfs.ir/article_711909.html
https://www.ijfs.ir/article_711909.html
https://doi.org/10.22074/ijfs.2024.2016433.1580
https://dialnet.unirioja.es/servlet/articulo?codigo=9863333
https://dialnet.unirioja.es/servlet/articulo?codigo=9863333
https://dialnet.unirioja.es/servlet/articulo?codigo=9863333

	Abstract 

