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                               Abstract 

Preeclampsia continues to be a major cause of maternal and perinatal illness and death, especially in areas with 
restricted access to sophisticated prenatal diagnostics and urgent obstetric services. Traditional evaluation relying on 
blood pressure, protein levels in urine, and dysfunction of maternal organs might detect the condition only after 
pathological changes have occurred, emphasizing the necessity for enhanced early prediction and risk classification. 
This narrative review explores the possible combination of biomarkers for endothelial dysfunction and hypercoagul 
ability to enhance preeclampsia prediction and facilitate precision-guided maternal–fetal care. Angiogenic 
biomarkers, especially placental growth factor (PlGF), soluble fms-like tyrosine kinase-1 (sFlt-1), and the sFlt-1/PlGF 
ratio, offer clinically significant insights into placental dysfunction and immediate disease risk. Other endothelial 
markers, such as soluble endoglin and von Willebrand factor, might indicate vascular damage, but their added clinical 
significance is still not clearly defined. Haemostatic markers such as platelet count, D-dimer, fibrinogen, and 
thrombin-generation indicators can enhance clinical evaluation, but their utility is restricted by physiological changes 
during pregnancy, assay inconsistency, and variable predictive accuracy. A cohesive framework that incorporates 
maternal risk factors, clinical observations, angiogenic dysregulation, chosen hemostatic indicators, and fetale 
valuations might enhance personalized monitoring and referral choices.  
 

Keywords: Preeclampsia; endothelial dysfunction; hypercoagulability; angiogenic biomarkers; precision obstetric 
care. 
  

 

  

  DOI: http://dx.doi.org/10.22192/ijcrms.2026.12.10.004 



Int. J. Curr. Res. Med. Sci. (2026). 12(10): 35-47 
 
 
 
 
 

 

36 

 

 
 
Introduction 
 
Preeclampsia is a complex hypertensive condition 
during pregnancy and a significant factorin 
maternal and perinatal illness and death globally. 
Clinical symptoms can vary from newly 
developed hypertension and proteinuria to serious 
neurological issues, liver and kidney dysfunction, 
low platelet count, placental insufficiency, 
restricted fetal growth, and early delivery. The 
repercussions are especially severe in low- and 
middle-income nations, where restricted 
diagnostic capabilities, postponed referrals, and 
insufficient access to emergency obstetric services 
can raise the likelihood of preventable maternal 
and fetal fatalities [1-3]. Traditional evaluation 
depends on measuring blood pressure, assessing 
protein levels in urine, observing maternal 
symptoms, and identifying signs of organ 
dysfunction. While these indicators are essential 
for diagnosis and management, they might not 
sufficiently reflect the biological processes 
occurring before clinical deterioration. Proteinuria 
is not necessary for diagnosing preeclampsia if 
other qualifying signs of maternal organ 
dysfunction exist, whereas hypertension alone 
does not consistently differentiate pregnancies 
that may advance to severe illness. Thus, a 
significant unmet demand is the creation of 
dependable, biologically based methods that 
recognize high-risk pregnancies prior to the onset 
of irreversible maternal or placental issues [4-6]. 
 
Placental dysfunction, imbalance in angiogenesis, 
inflammation throughout the body, and injury to 
the endothelium are key factors in the 
pathophysiology of preeclampsia. Diminished 
trophoblast invasion and insufficient remodeling 
of spiral arteries can jeopardizeutero placental 
perfusion, leading to placental stress and the 
secretion of circulating antiangiogenic factors. 
Soluble fms-like tyrosine kinase-1 (sFlt-1) 
inhibits vascular endothelial growth factor and 
placental growth factor (PlGF), impairing 
endothelial balance and leading to 
vasoconstriction, heightened vascular 
permeability, and maternal organ damage. 
Lowered PlGF levels and a heightened sFlt-
1/PlGF ratio may occur before clinical  

symptoms, offering a biological foundation for 
earlier risk evaluation. Clinical research has 
confirmed the significance of angiogenic 
biomarkers, especially the sFlt-1/PlGF ratio, as 
additional tools in assessing women with potential 
preterm preeclampsia [7-8].  
 
Simultaneously, endothelial damage influences 
platelet activation, thrombin production, fibrin 
generation, and modified fibrinolysis to create 
hemostatic irregularities. Despite the natural 
hypercoagulablestate during pregnancy, 
preeclampsia can exacerbate coagulation 
activation and microvascular impairment, leading 
to placental insufficiency and maternal issues. 
Count of platelets, fibrinogen levels, D-dimer, and 
certain indicators of coagulation activation can 
thus yield additional insights [9-10]. Nonetheless, 
their understanding is made complex by 
gestational alterations, concurrent anomalies in 
different obstetric conditions, and variable proof 
of distinct predictive significance. In advanced 
disease, activation of hemostasis can lead to 
consumptive coagulopathy, highlighting the 
necessity to differentiate between early risk 
prediction and the evaluation of existing 
complications [11]. This narrative review 
critically analyzes the biological basis, clinical 
data, and translational possibilities of 
incorporating biomarkers for endothelial 
dysfunction and hypercoagulability in predicting 
early preeclampsia. 
 

Methods 
 
A narrative literature review method was 
employed to integrate findings related to 
endothelial dysfunction, angiogenic imbalance, 
hypercoagulability, and biomarker-based 
prediction of preeclampsia. The pertinent 
literature was conceptually structured into five 
categories: disease pathophysiology, biomarker 
efficacy, prediction of disease onset, evaluation of 
existing disease, and application in clinical 
practice. Emphasis was placed on peer-reviewed 
clinical studies, systematic reviews, international 
guidelines, and research assessing angiogenic 
biomarkers, coagulation irregularities, maternal 
results, and fetal results. The synthesis  
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analyzed research that included pregnant women 
at various gestational stages, such as 
asymptomatic individuals undergoing risk 
evaluations, those with suspected preeclampsia, 
and patients with a confirmed diagnosis. Special 
focus was placed on the sFlt-1/PlGF ratio, PlGF-
based assessments, soluble endoglin, endothelial 
activation, platelet indices, fibrin-related 
indicators, and coagulation irregularities. The 
evidence was analyzed based on clinical 
objectives, study demographics, gestational age, 
assay features, and reported results. Diagnostic 
precision, prognostic distinction, calibration, and 
established clinical usefulness were regarded as 
separate performance metrics. Due to the nature 
of this being a narrative review instead of a 
systematic review with reproducible criteria for 
study selection and quantitative analysis, no 
formal pooled estimates or fabricated study-
selection numbers are included. 
 
Pathophysiological foundations of integrated 
biomarker prediction 
 
1 Placental dysfunction and angiogenic 
imbalance 
 
Preeclampsia typically arises from abnormal 
placental attachment, disrupted remodeling of 
spiral arteries, and insufficient uteroplacental 
blood flow. These processes may lead to placental 
stress, oxidative damage, and the discharge of 
soluble factors into the maternal bloodstream. The 
resultant maternal syndrome showcases the 
interplay of placental signals, maternal vascular 
vulnerability, immune reactions, and systemic 
endothelial impairment [12]. The antiangiogenic 
protein sFlt-1 attaches to circulating VEGF and 
PlGF, decreasing their accessibility for 
endothelial signaling. PlGF aids in angiogenesis 
and vascular changes during pregnancy; lower 
levels may suggest placental issues and disrupted 
angiogenic equilibrium. Increased sFlt-1 levels 
and decreased PlGF can occur prior to clinical 
symptoms, establishing a biological opportunity 
for risk evaluation before severe hypertension or 
organ damage is evident [13]. Nonetheless, an 
imbalance in angiogenesis does not equate to 
unavoidable clinical disease. Its understanding is 
influenced by gestational age, the degree and  

 
 
timing of placental dysfunction, maternal traits, 
and the clinical inquiry posed. Biomarkers should 
be combined with recognized risk factors and 
clinical observations instead of being viewed as 
standalone predictors of outcome. 
 
2 Endothelial injury and systemic vascular 
dysfunction 
 
The maternal endothelium controls vascular tone, 
permeability, inflammation, platelet adhesion, and 
coagulation. In preeclampsia, altered nitric oxide 
signaling, heightened oxidative stress, 
inflammatory response, and disrupted 
angiogenesis lead to vasoconstriction, capillary 
leakage, and vascular instability [14]. These 
alterations assist in clarifying the clinical variety 
of preeclampsia. Damage to renal endothelial 
cells may lead to proteinuria and reduced 
filtration, while dysfunction of cerebral vessels 
can cause severe headaches, visual problems, 
seizures, or strokes. Increased liver enzymes and 
thrombocytopenia can be associated with damage 
to hepatic endothelium and microvasculature. 
Vascular dysfunction of the placenta may hinder 
fetal growth and elevate the chances of medically 
necessary preterm delivery [15]. One marker 
cannot consistently capture these specific 
manifestations of the organs. Integrating 
angiogenicmetrics with clinical findings and 
pertinent organ-function assessments could thus 
enhance risk evaluation. However, the worth of a 
combined panel relies on its ability to enhance 
predictions beyond the data already obtained from 
standard evaluations. 
 
3 Hypercoagulability and haemostatic 
dysregulation 
 
Atypical pregnancy is linked to heightened levels 
of various coagulation factors, decreased function 
of certain natural anticoagulant mechanisms, and 
lowered fibrinolytic capacity. These bodily 
changes aid in reducing bleeding during delivery 
yet also make it more difficult to analyze 
coagulation biomarkers [16-17]. Preeclampsia can 
exacerbate haemostatic activation dueto 
endothelial damage, platelet activation, 
inflammation, and placental vascular disorders. 
Platelets engage with injured endothelium,  
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whereas tissue factor-driven thrombin production 
facilitates fibrin development. Dysfunction of the 
microvasculature might playa role in placental 
insufficiency and injury to maternal organs. 
Hypercoagulability must not be seen as a 
consistent or permanent condition [18]. Severe 
preeclampsia, placental abruption, significant 
hemorrhage, and disseminated intravascular 
coagulation can lead to the consumption of 
platelets and coagulation factors. A woman may 
therefore advance from heightened thrombotic 
tendency to important clinical coagulopathy. 
Biomarker analysis should differentiate between 
normal pregnancy changes, disease-related 
activation, and severe depletion [19]. The 
combination of endothelial and haemostatic 
biomarkers is biologically appealing due to the 
interconnection of these pathways. Determining 
whether this integration yields clinically 
significant predictive benefits necessitates direct 
empirical evaluation [20]. 
 
Endothelial and angiogenic biomarkers for 
early prediction (Table 1) 
 
1 Placental growth factor 
 
PlGF is among the most significant biomarkers 
for assessing placental dysfunction. Decreased 
levels of circulating PlGF are linked to 
compromised placental angiogenesis and a higher 
likelihood of preeclampsia, fetal growth 
restriction, and additional placental issues [21]. 
PlGF-based testing is especially useful when there 
is a suspicion of preterm preeclampsia. 
Depending on the test and gestational age, a low 
level can aid in evaluating women who might 
need increased monitoring or further examination. 
Its clinical value is partly in aiding the 
identification of women at relatively low short-
term risk when results are positive and the 
broader clinical evaluation aligns with outpatient 
care [22]. A low PlGF concentration alone does 
not confirm the diagnosis, and a reassuring 
finding cannot counteract severe hypertension, 
neurological symptoms, abnormal organ function 
tests, or fetal distress. Performance is influenced 
by gestational age, specific assay thresholds, pre-
existing kidney conditions, and the demographic 
being evaluated [23]. In early-pregnancy  

 
 
screening, PlGF provides more valuable 
information when integrated into a validated risk 
model that takes into account maternal traits and, 
when accessible, uterine artery Doppler results 
and mean arterial pressure. This contrasts with its 
application in symptomatic women during later 
stages of pregnancy, where the goal might be to 
evaluate the probability of developing 
preeclampsia within a specific short-term 
timeframe [24]. 
 
2 Soluble fms-like tyrosine kinase-1 
 
sFlt-1 is a factor that inhibits angiogenesis and is 
involved in the maternal endothelial syndrome. 
Increased circulating levels indicate heightened 
anti-angiogenic activity and may be associated 
with deteriorating placental function [25]. Its 
main drawback as a standalone biomarker is that 
levels can fluctuate depending on gestational age 
and clinical severity. A significant value might 
suggest considerable placental stress, but its 
predictive significance relies on when the 
measurement is taken and the existence of other 
clinical irregularities. Thus, measuring sFlt-1 in 
isolation might provide less insight than 
evaluating its correlation with PlGF [26]. 
 
3 The sFlt-1/PlGF ratio 
 
The sFlt-1/PlGF ratio is one of the most well-
established biomarker methods for assessing 
suspected preeclampsia. It merges an 
antiangiogenic signal with a proangiogenic 
marker, offering an assessment of angiogenic 
imbalance. The PROGNOSIS study by Zeisler 
and associates showed that in women with 
suspected preeclampsia between 24 weeks and 36 
weeks plus 6 days of gestation, an sFlt-1/PlGF 
ratio of 38 or less had a strong negative predictive 
value for excluding preeclampsia within one 
week. In that study population, the negative 
predictive value reported was 99.3%. A ratio 
exceeding 38 showed a significantly reduced 
positive predictive value for forecasting 
preeclampsia within four weeks, recorded at 
36.7% [27]. These findings highlight an important 
difference: the ratio could be especially helpful 
for short-term disease exclusion in well-chosen 
populations, but an elevated ratio does not  
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confirm that preeclampsia will necessarily occur. 
Predictive values are influenced by disease 
prevalence, eligibility requirements, gestational 
age, and the context of testing. Cutoff values are 
also dependent on the assay and indication; the 
threshold of 38 should not be regarded as 
universal for every platform or clinical 
application [28]. The ratio can aid in decisions 
regarding surveillance, referral, and additional 
evaluation, but it should not solely dictate the 
timing of delivery. The mother’s health, the 
baby's condition, the weeks of pregnancy, and the 
existing treatment protocols are all crucial. 
 
4 Soluble endoglin 
 
Soluble endoglin serves as an antiangiogenic and 
endothelial-associated biomarker linked to 
placental impairment and severe preeclampsia. 
Experimental and clinical findings indicate that it 
could disrupt transforming growth factor-β-
related vascular signaling and lead to 
compromised endothelial function [29]. Its 
possible significance is in offering insights 
regarding vascular damage that could enhance 
sFlt-1 and PlGF. Nonetheless, its regular clinical 
function is still not well-defined, and issues like 

standardization, assay accessibility, and additional 
predictive effectiveness need more exploration. 
Soluble endoglin should thus be viewed as a 
promising research indicatori nstead of a 
confirmed substitute for validated angiogenic 
assessments [30]. 
 
5 Von Willebrand factor and endothelial 
activation 
 
Von Willebrand factor (vWF) plays a role in 
platelet adhesion and clotting and may indicate 
endothelial activation. Elevated levels have been 
noted in preeclampsia, aligning with vascular 
damage and hemostatic disruption [31]. 
Nonetheless, vWF is affected by inflammation, 
normal pregnancy, blood type, and various other 
medical situations. While it might offer 
mechanistic understanding, its capacity to 
enhance early prediction beyond clinical risk 
factors and angiogenic biomarkers isstill 
uncertain. Additional indicators linked to the 
endothelium, such as soluble adhesion molecules 
and indicators of glycocalyx damage, also need 
prospective assessment prior to regular 
application [32-33]. 

 
Table 1. Endothelial and Angiogenic Biomarkers for Early Preeclampsia Prediction 
 

Biomarker Biological significance Predictive potential Key limitation 
Placental growth 
factor (PlGF) 

Proangiogenic placental 
protein 

Low levels indicate 
placental dysfunction and 
support short-term risk 
assessment 

Gestational age and 
assay-dependent 
thresholds 

Soluble fms-like 
tyrosine kinase-1 
(sFlt-1) 

Antiangiogenic factor that 
inhibits VEGF and PlGF 
signalling 

Elevated levels indicate 
angiogenic imbalance 

Limited specificity when 
used alone 

sFlt-1/PlGF ratio Integrates antiangiogenic and 
proangiogenic activity 

Supports short-term 
assessment of suspected 
preterm preeclampsia 

Cutoffs depend on assay, 
gestational age, and 
clinical indication 

Soluble endoglin Interferes with endothelial 
and transforming growth 
factor-β-related signalling 

Potential marker of vascular 
injury and disease severity 

Limited routine 
validation and 
availability 

Von Willebrand 
factor (vWF) 

Mediates platelet adhesion 
and reflects endothelial 
activation 

May indicate endothelial 
injury and haemostatic 
activation 

Influenced by 
inflammation, 
pregnancy, and other 
conditions 
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Soluble adhesion 
molecules (e.g., 
sVCAM-1, sICAM-1) 

Reflect endothelial 
activation and 
leukocyte–endothelial 
interactions 

Potential indicators of 
vascular inflammation 

Insufficient evidence for 
independent clinical 
prediction 

Endothelial 
glycocalyx injury 
markers 

Reflect disruption of the 
endothelial surface 
barrier 

Potential indicators of 
vascular permeability and 
systemic endothelial damage 

Mainly investigational; 
limited standardized 
assays 

Abbreviations: ICAM-1, intercellular adhesion molecule-1; PlGF, placental growth factor; sFlt-1, soluble fms-like 
tyrosine kinase-1; sICAM-1, soluble ICAM-1; sVCAM-1, soluble vascular cell adhesion molecule-1; VEGF, vascular 
endothelial growth factor; vWF, von Willebrand factor 
 
Hypercoagulability biomarkers and their 
prognostic potential (Table 2) 
 
1 Platelet count and platelet indices 
 
Thrombocytopenia is a recognized sign of serious 
illness when related to preeclampsia and is part of 
the evaluation of maternal organ impairment. 
Platelet counts can decrease due to activation, 
consumption, and interactions within the 
microvasculature. Repeated measurements can aid 
in recognizing decline, especially when analyzed 
in conjunction with blood pressure, liver 
enzymes, kidney function, and clinical signs [34]. 
Mean platelet volume and platelet distribution 
width have been explored as markers of platelet 
activation and turnover. Nevertheless, their results 
vary among studies, and values are influenced by 
lab analyzers, sample processing, gestational age, 
and underlying health issues. These indices lack 
adequate standardization to function as standalone 
screening tests [35]. The suitable clinical strategy 
is to focus on platelet count and its trend, 
employing other platelet indices only after 
confirming their local analytical validity and 
additional value. 
 
2 D-dimer and fibrinogen 
 
D-dimer indicates the degradation of cross-linked 
fibrin and may suggest elevated levels of fibrin 
formation and breakdown. Concentrations 
typically rise during pregnancy, especially as 
gestation progresses, reducing the applicability of 
non-pregnancy reference intervals [36]. Even 
though high D-dimer levels are linked to 
preeclampsia and the severity of the disease, their 
specificity is not sufficient for independent 
forecasting. Infection, thrombosis, hemorrhage, 

and various inflammatory or obstetric conditions 
can also increase concentrations. As a result, D-
dimer ought not to be utilized as a sole biomarker 
for preeclampsia screening or analyzed with an 
unverified universal pregnancy threshold [37]. 
Fibrinogen levels typically increase during 
pregnancy. A decreasing concentration in a 
woman experiencing severe preeclampsia, 
placental abruption, or suspected disseminated 
intravascular coagulation could be more alarming 
than a single increase. Interpretation must thus 
take into account the clinical setting, sequential 
testing, platelet levels, prothrombin time, 
activated partial thromboplastin time, and signs of 
hemorrhage or organ failure [38]. 
 
3 Thrombin generation and platelet activation 
 
Thrombin-generation tests, thrombin–
antithrombin complexes, prothrombin fragment 
1+2, and certain platelet-activation indicators 
provide more precise insights into the activation 
of coagulation pathways. These actions might 
assist in depicting the connection between 
endothelial damage and coagulation issues [39]. 
Nonetheless, their application in predicting 
preeclampsia is still predominantly experimental. 
The availability of assays, pre-analytical 
sensitivity, absence of standardized pregnancy-
specific thresholds, and uncertainty about the 
implications of clinical decisions restrict regular 
implementation. Their most direct impact lies in 
mechanistic research and the creation of more 
reliably validated multivariable prediction models 
[40]. 
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4 Distinguishing risk prediction from 
coagulopathy diagnosis 
 
A critical clinical differentiation is that the 
biomarkers for predicting preeclampsia do not 
have to be identical to those utilized for assessing 
existing coagulopathy. Angiogenic indicators 
could aid in evaluating placental disorders, 
whereas coagulation assessments are generally 
most beneficial in cases of suspected bleeding, 

thrombosis, placental abruption, significant 
thrombocytopenia, liver dysfunction, or 
disseminated intravascular coagulation [41]. 
Thus, a combined biomarker panel should be 
developed with a particular clinical question in 
mind instead of being broadened without 
consideration. Increased measurements do not 
always yield improved predictions, especially 
when markers are correlated or exhibit low 
specificity [42]. 

 
Table 2. Hypercoagulability Biomarkers and Their Prognostic Potential in Preeclampsia 
 

Biomarker Pathophysiological 
significance 

Prognostic potential Key limitation 

Platelet count Reflects platelet 
consumption and 
haemostatic disturbance 

Identifies 
thrombocytopenia 
associated with severe 
disease 

Reduced count may 
occur in other 
pregnancy-related 
conditions 

Mean platelet volume 
(MPV) 

Indicates platelet size 
and turnover 

Potential marker of platelet 
activation 

Analyzer-dependent; 
inconsistent predictive 
evidence 

D-dimer Reflects cross-linked 
fibrin formation and 
degradation 

May indicate increased 
coagulation and 
fibrinolytic activity 

Physiologically elevated 
during pregnancy; low 
specificity 

Fibrinogen Essential substrate for 
fibrin formation 

Falling levels may indicate 
consumption or 
disseminated intravascular 
coagulation 

Normally elevated 
during pregnancy 

Prothrombin time (PT) 
and activated partial 
thromboplastin time 
(aPTT) 

Assess selected 
coagulation pathways 

Help identify advanced 
coagulation abnormalities 

Often remain normal 
despite early 
hypercoagulability 

Thrombin–
antithrombin 
complexes 

Reflect in vivo thrombin 
generation 

Potential indicators of 
coagulation activation 

Limited availability and 
standardized prognostic 
thresholds 

Prothrombin fragment 
1+2 

Indicates prothrombin 
activation and thrombin 
generation 

Potential marker of early 
haemostatic activation 

Mainly investigational 
for preeclampsia 
prediction 

Platelet activation 
markers 

Reflect platelet 
degranulation and 
activation 

May clarify thrombo-
inflammatory mechanisms 

Limited assay 
standardization and 
clinical validation 

Abbreviations: aPTT, activated partial thromboplastin time; MPV, mean platelet volume; PT, prothrombin 
time. 
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Integrating biomarkers into a precision-
prediction framework 
 
1 From individual biomarkers to multivariable 
risk assessment 
 
The main opportunity lies in merging 
complementary biological and clinical data 

without presuming that each available marker 
contributes independently. A functional clinical 
model must incorporate maternal traits, 
gestational age, and average arterial pressure, past 
obstetric history, significant comorbidities, 
placental evaluation, angiogenic markers, and 
specific signs of hemostatic dysfunction (Table 
3). 

 
Table 3. The proposed framework has four interconnected domains: 
 
Domain Candidate variables Principal purpose 
Clinical risk Maternal history, blood pressure, symptoms, 

gestational age 
Establish baseline risk and clinical 
urgency 

Placental 
dysfunction 

PlGF, sFlt-1/PlGF ratio, fetal growth, 
uterine artery Doppler 

Assess placental disease and short-term 
risk 

Endothelial injury Angiogenic imbalance, selected endothelial 
markers, organ-function tests 

Characterize vascular dysfunction and 
maternal complications 

Haemostatic 
disturbance 

Platelet count, coagulation profile, selected 
fibrin-related markers 

Identify haemostatic abnormalities and 
possible deterioration 

 
This framework represents a suggested clinical-
research model, not an established scoring 
system. It must not be executed with random 
biomarker weights or unverified thresholds. The 
key question is whether incorporating endothelial 
and haemostatic data enhances discrimination, 
calibration, and clinical decision-making 
compared to a model based solely on traditional 
clinical evaluation. Researchers ought to evaluate 
the effectiveness of models that are clinical-only, 
angiogenic-enhanced, haemostatic-enhanced, and 
fully integrated. These comparisons would 
determine if coagulation biomarkers offer truly 
novel insights or simply repeat current predictors. 
 
2 Early pregnancy: identifying women at 
increased risk 
 
Early prediction seeks to recognize high-risk 
pregnancies prior to the onset of clinical disease. 
Maternal history, past preeclampsia, chronic 
hypertension, kidney conditions, diabetes, 
autoimmune disorders, and various known risk 
factors continue to be significant. When validated 
pathways and resources allow, these elements 
might be integrated with mean arterial pressure, 
uterine artery Doppler, and PlGF-based 
evaluation. A crucial action is the prompt start of 
low-dose aspirin in suitable women, following  

relevant clinical guidelines and pregnancy timing. 
Prophylaxis should proceed without delay from 
biomarker testing when existing clinical criteria 
justify treatment. The most significant advantage 
of integrating biomarkers early is better risk 
categorization: pinpointing women requiring 
increased monitoring while preventing excessive 
testing and referrals for those at reduced risk. 
Nevertheless, screening effectiveness needs to be 
assessed prospectively, considering false-positive 
findings, false reassurance, costs, and varied 
performance among maternal groups [43]. 
 
3 Suspected preterm preeclampsia: resolving 
diagnostic uncertainty 
 
Women exhibiting hypertension, headache, visual 
disturbances, abdominal discomfort, or unusual 
lab results may need swift evaluation to 
differentiate preeclampsia from other conditions 
and assess the necessity for hospitalization or 
specialist referral. In this context, testing based on 
PlGF or the sFlt-1/PlGF ratio could enhance 
clinical assessments, blood pressure checks, urine 
analysis, platelet counts, kidney function tests, 
liver enzyme evaluations, and fetal assessments. 
A comforting angiogenic outcome can facilitate a 
reduced projected likelihood of short-term illness 
in suitably chosen women. On the other hand, an  
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unusual result might warrant more rigorous 
monitoring and additional evaluation. No result 
should take precedence over strong clinical 
evidence. Severe persistent hypertension, 
eclampsia, pulmonary edema, worsening 
thrombocytopenia, liver damage, or fetal distress 
necessitates proper management irrespective of 
angiogenic biomarker results [44]. 
 
4 Established preeclampsia: predicting 
progression and complications 
 
After diagnosing preeclampsia, the clinical focus 
changes from forecasting the onset of the disease 
to expecting its worsening. Continuous 
monitoring of blood pressure, symptoms, platelet 
levels, kidney and liver function, oxygen levels, 
and fetal evaluations continues to be crucial. 
Angiogenic imbalance could offer further insights 
into placental disorders and the chances of 
negative outcomes, especially in cases of preterm 
presentations. Abnormalities in haemostasis may 
indicate patients who need evaluation for 
consumption, bleeding, thrombosis, or additional 
complications. The combination may ultimately 
enhance the recognition of women needing 
tertiary referral or closer monitoring [45]. 
 
Precision-guided maternal–fetal management 
 
Biomarkers are clinically valuable only if their 
findings guide suitable choices. Their execution 
should consequently be associated with 
established management protocols instead of 
standalone laboratory reporting. Low assessed 
short-term risk: When clinical evaluation is 
reassuring and a validated angiogenic test shows 
low short-term risk, healthcare providers may opt 
for outpatient monitoring, explicit return 
instructions, and planned re-evaluation. This 
method necessitates dependable monitoring and 
should not be employed when maternal or fetal 
indications alone justify admission [42]. Moderate 
or ambiguous risk: Women whose clinical and 
biomarker results do not align may need ongoing 
clinical evaluations, laboratory testing, fetal 
growth monitoring, and Doppler examinations if 
necessary. Discordance ought to prompt analysis 
instead of immediate labeling as low- or high-
risk. Elevated risk or known complications:  

 
 
Critical hypertension, advancing organ 
impairment, neurological signs, unusual fetal 
monitoring, or suspected coagulopathy 
necessitates immediate intervention and suitable 
referral. Biomarker findings can enhance 
evaluation but should not postpone stabilization, 
antihypertensive therapy, magnesium sulfate 
when needed, or delivery when clinically required 
[44]. 
 
Implementation challenges in resource-
constrained settings 
 
The possible advantages of integrating biomarkers 
are especially significant in low- and middle-
income nations, where the complications from 
preeclampsia may be exacerbated by late 
presentation, inadequate laboratory facilities, lack 
of trained staff, and limited access to full 
emergency obstetric services. However, advanced 
biomarker testing might not be accessible or 
affordable in district hospitals. Conducting costly 
assays without dependable blood pressure 
monitoring, urine analysis, emergency referrals, 
antihypertensive medications, magnesium sulfate, 
and critical laboratory services will not overcome 
the main obstacles to survival. An effective 
implementation plan should emphasize 
dependable standard assessments, accompanied 
by selective application of validated angiogenic 
tests when accessible. Regional laboratories might 
assist referral networks, and point-of-care 
platforms may enhance access provided their 
analytical performance, turnaround times, and 
costs are satisfactory [46]. Haemostatic testing 
necessitates careful consideration, as 
physiological changes associated with pregnancy 
may result in misinterpretation if non-pregnancy 
reference intervals are used. Laboratories need to 
set or confirm suitable reference intervals, 
standardize the handling of specimens, and ensure 
that clinicians are aware of the limitations specific 
to each assay [1]. Equity should be a fundamental 
criterion for implementation. Models primarily 
created in high-income groups may not transfer 
effectively to environments with varying maternal 
traits, disease rates, comorbid conditions, and 
healthcare accessibility. External validation must 
encompass African and other marginalized 
populations. Assessment should evaluate not just  
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predictive accuracy but also cost-effectiveness, 
delays in referrals, accessibility to treatment, and 
maternal-perinatal results [10]. 
 

Conclusion 
 
Predicting preeclampsia necessitates moving 
beyond dependence on just blood pressure and 
proteinuria to a comprehensive evaluation of 
placental dysfunction, endothelial damage, 
coagulation irregularities, and maternal-fetal 
condition. Angiogenic biomarkers, especially the 
PlGF and sFlt-1/PlGF ratio, provide important 
clinical insights for assessing suspected preterm 
preeclampsia and enhancing short-term risk 
evaluation. Certain haemostatic indicators, such 
as platelet count and coagulation parameters, can 
enhance this information by detecting the 
progression of organ dysfunction and 
coagulopathy. Nonetheless, the additional 
predictive value of integrating these biomarkers is 
still not firmly established, and many endothelial 
and advanced coagulation markers continue to be 
under investigation. The focus is on creating and 
confirming clinically useful models that show 
enhanced predictive accuracy, calibration, and 
decision-making compared to traditional clinical 
evaluations. Future multicenter studies ought to 
set population-relevant thresholds, assess 
performance over varying gestational ages, and 
ascertain if biomarker-driven pathways lower 
avoidable maternal and perinatal complications 
without escalating unnecessary interventions or 
iatrogenic prematurity. Implementation must 
integrate cost-effectiveness, laboratory feasibility, 
and equitable access, especially in settings with 
limited resources. 
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