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ABSTRACT

Preeclampsia is a major cause of maternal and perinatal morbidity and mortality worldwide. Its pathogenesis is
complex and multifactorial, involving abnormal placentation, immune dysfunction, and endothelial injury. Recent
advances have emphasized the critical role of angiogenic imbalance in the development and progression of
preeclampsia. This review evaluates the predictive value of angiogenic biomarkers—including placental growth
factor (PIGF), soluble fms-like tyrosine kinase-1 (sFlt-1), and soluble endoglin (sEng)—in identifying women at risk
for preeclampsia. It summarizes current evidence on the pathophysiological significance of these factors, their tem-
poral expression patterns in pregnancy, and their integration into clinical risk models. The potential utility of an-
giogenic biomarkers in early screening, diagnosis, and therapeutic stratification is critically discussed. Incorporat-
ing angiogenic profiling into prenatal care could significantly improve the early prediction and management of

preeclampsia.
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INTRODUCTION

Preeclampsia remains one of the most pressing chal-
lenges in modern obstetrics, affecting approximately 3—
8% of pregnancies worldwide and contributing substan-
tially to maternal and perinatal morbidity and mortality,
particularly in low- and middle-income countries [1].
Despite intensive research efforts, the precise pathogene-
sis of preeclampsia has not been fully elucidated. It is

now well established, however, that the condition is
rooted in defective placentation during early gestation,
leading to a cascade of pathological events including
endothelial dysfunction, systemic inflammation, and
multiorgan injury [2].

Over the past two decades, growing attention has
been directed toward the role of angiogenesis and its
regulatory mechanisms in the development of
preeclampsia. The process of angiogenesis—the forma-
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tion of new blood vessels from pre-existing vascula-
ture—is crucial for normal placental development and
uteroplacental circulation. Disruption of this tightly regu-
lated system is believed to underlie the maladaptive pla-
cental vascular remodeling observed in preeclamptic
pregnancies [3].

A growing body of evidence suggests that an imbal-
ance between pro-angiogenic and anti-angiogenic factors
precedes the clinical onset of preeclampsia by several
weeks. Among the key players in this angiogenic shift
are placental growth factor (PIGF) and vascular endothe-
lial growth factor (VEGF), which promote endothelial
integrity and vascular development, and their circulating
antagonists, including soluble fms-like tyrosine kinase-1
(sFlIt-1) and soluble endoglin (sEng), which impair an-
giogenesis and contribute to endothelial dysfunction
[4,5].

Numerous clinical studies and longitudinal cohort
analyses have demonstrated that alterations in the mater-
nal serum levels of these angiogenic markers— particu-
larly the sFlt-1/PIGF ratio—can serve as early predictors
of preeclampsia, especially in its early-onset or severe
forms [6]. This has led to the development of integrated
biomarker-based screening protocols, which offer im-
proved specificity and sensitivity compared to traditional
risk factor models based solely on blood pressure or clin-
ical history.

In light of these developments, angiogenic factors are
increasingly recognized not only as markers of disease
but also as potential targets for therapeutic modulation
and risk stratification. In this review, we explore the bio-
logical functions, temporal expression, and predictive
value of major angiogenic factors in preeclampsia. Fur-
thermore, we critically assess their role in current and
emerging clinical screening algorithms and highlight the
future directions for implementing angiogenic profiling
into routine prenatal care.

1. Pathophysiological Role of Angiogenic Imbalance
in Preeclampsia

The development of a functional placenta depends on
the establishment of an adequate maternal-fetal vascular
interface. During early gestation, extravillous tro-
phoblasts invade the maternal spiral arteries, transform-
ing them into low-resistance, high-capacitance vessels
capable of meeting the metabolic demands of the grow-
ing fetus. In preeclampsia, this process of spiral artery
remodeling is incomplete or defective, resulting in re-
duced placental perfusion and ischemia [7].
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One of the key mechanisms linking placental hypop-
erfusion to systemic maternal disease is the dysregula-
tion of angiogenic signaling. Under normal conditions,
the balance between pro-angiogenic and anti-angiogenic
factors ensures optimal endothelial function and vascular
integrity. In preeclamptic pregnancies, this balance is
profoundly disturbed. The hypoxic placenta releases ex-
cessive amounts of anti-angiogenic factors—chiefly sol-
uble fms-like tyrosine kinase-1 (sFlt-1) and soluble en-
doglin (sEng)—into the maternal circulation [8].

sFlt-1, a splice variant of the VEGF receptor-1, binds
and neutralizes both VEGF and placental growth factor
(PIGF), thereby preventing their interaction with en-
dothelial receptors. This functional antagonism leads to
widespread endothelial dysfunction, manifested clinical-
ly as hypertension, proteinuria, and end-organ damage
[9]. Simultaneously, sEng inhibits the transforming
growth factor-beta (TGF-P) signaling pathway, further
exacerbating endothelial injury and promoting vascular
inflammation and coagulation abnormalities [10].

The resulting angiogenic imbalance contributes to
several hallmark features of preeclampsia, including in-
creased vascular permeability, capillary rarefaction,
and altered placental morphology. Autopsy and
histopathological studies have shown that preeclamptic
placentas often exhibit features of maternal vascular
malperfusion, including infarcts, decidual arteriopathy,
and villous hypoplasia [11]. These findings underscore
the systemic nature of the angiogenic disturbance, which
extends beyond the uteroplacental interface and affects
multiple organ systems.

Importantly, the degree of angiogenic disruption cor-
relates with disease severity and timing. Women with
early-onset preeclampsia (before 34 weeks) tend to ex-
hibit a more pronounced elevation in sFlt-1 and sEng
levels, as well as lower circulating concentrations of
PIGF, compared to those with late-onset disease. This
observation has fueled the development of biomarker
thresholds and ratios that can stratify patients by risk and
predict adverse outcomes with considerable accuracy
[12].

Taken together, these findings support the central role
of angiogenic dysregulation in the pathogenesis of
preeclampsia. Moreover, they lay the foundation for us-
ing angiogenic markers as both diagnostic tools and po-
tential therapeutic targets, particularly in the early identi-
fication of high-risk pregnancies and in tailoring sur-
veillance and intervention strategies.
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2. Clinical Utility of Angiogenic Biomarkers in
Preeclampsia Prediction

The integration of angiogenic biomarkers into obstet-
ric practice has opened new avenues for the early detec-
tion and risk stratification of preeclampsia. Traditional
screening methods—based on maternal demographics,
clinical history, and biophysical parameters such as mean
arterial pressure or uterine artery Doppler—while help-
ful, have demonstrated limited sensitivity and specificity,
particularly in predicting early-onset or severe forms of
the disease [13]. In contrast, circulating angiogenic fac-
tors, notably PIGF, sFlt-1, and the sFlt-1/PIGF ratio, of-
fer more direct insight into the underlying placental
pathology and have shown considerable promise as pre-
dictive biomarkers.

Placental growth factor (PIGF), a member of the
VEGF family, is primarily synthesized in the placenta
and plays a key role in promoting trophoblast invasion
and vascular development. In normotensive pregnancies,
serum PIGF levels rise steadily during the second
trimester and peak between 30-32 weeks. In preeclamp-
sia, however, this rise is blunted or reversed, with signif-
icantly lower concentrations observed up to several
weeks before the onset of clinical symptoms [14]. Mea-
surement of low PIGF (<100 pg/mL) has been shown to
be an early indicator of placental insufficiency and ele-
vated preeclampsia risk.

Conversely, soluble fms-like tyrosine kinase-1
(sFlt-1) levels increase in preeclampsia, typically begin-
ning around the second trimester and accelerating prior
to symptom onset. Elevated sFlt-1 impairs the bioavail-
ability of VEGF and PIGF, directly contributing to sys-
temic endothelial dysfunction. The sFlt-1/PIGF ratio has
emerged as a robust composite biomarker, capable of
detecting the angiogenic shift that precedes preeclampsia
by days to weeks [15]. Numerous studies have validated
this ratio as a reliable screening tool, with threshold val-
ues (>38 or >85 depending on gestational age and popu-
lation) demonstrating high negative predictive value in
ruling out disease within 1-2 weeks [16].

The utility of angiogenic biomarkers extends beyond
diagnosis into prognostication and management. For ex-
ample, a rapidly rising sFlt-1/PIGF ratio in a woman
with suspected preeclampsia may predict imminent dis-
ease progression and inform decisions regarding hospi-
talization, corticosteroid administration, or timing of de-
livery. These markers also aid in distinguishing true
preeclampsia from clinical mimics, such as chronic hy-
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pertension, renal disease, or gestational hypertension
without placental dysfunction, thereby reducing unnec-
essary interventions [17].

Clinical implementation has been facilitated by the
development of automated, rapid-turnaround immunoas-
says compatible with routine antenatal testing. Several
guidelines now support the use of PIGF-based tests in
selected high-risk populations, particularly between 20
and 35 weeks of gestation. Importantly, angiogenic test-
ing complements but does not replace traditional evalua-
tion; its optimal use lies in multimodal screening algo-
rithms that combine biochemical, biophysical, and clini-
cal variables [18].

In summary, angiogenic biomarkers—especially the
sFlt-1/PIGF ratio—have emerged as powerful tools for
the early detection, differential diagnosis, and risk strati-
fication of preeclampsia. Their incorporation into clinical
care pathways represents a significant advance in per-
sonalized obstetric medicine, with the potential to im-
prove both maternal and fetal outcomes through earlier
and more targeted intervention.

3. Future Perspectives and Challenges in Clinical Im-
plementation

As the predictive power of angiogenic biomarkers
becomes increasingly established, their integration into
routine prenatal care offers promising opportunities to
transform the management of preeclampsia. Nonetheless,
several practical, clinical, and scientific challenges re-
main, requiring careful navigation to maximize the bene-
fits of these tools and ensure equitable access across di-
verse healthcare settings.

One of the foremost areas of development is the stan-
dardization and optimization of screening algorithms.
Although the sFlt-1/PIGF ratio has demonstrated excel-
lent diagnostic and prognostic accuracy, the optimal tim-
ing, frequency, and target populations for testing remain
subjects of ongoing research. Current evidence supports
its use primarily in symptomatic women between 20 and
36 weeks of gestation, but broader applications—such as
universal mid-trimester screening—have yet to be fully
validated in large, ethnically diverse cohorts [19]. Future
trials are needed to define cost-effective and outcome-
driven protocols that integrate angiogenic biomarkers
with uterine artery Doppler, mean arterial pressure, and
maternal risk factors.

Another key frontier involves the therapeutic implica-
tions of angiogenic profiling. While these markers are
now routinely used to guide clinical decision-making
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regarding surveillance intensity and timing of delivery,
there is growing interest in targeting the angiogenic
pathway itself. Experimental therapies, such as apheresis
to remove excess sFlt-1, administration of recombinant
PIGF, or modulation of upstream regulators, are under
investigation and may offer future avenues for disease
modification rather than passive monitoring [20].

Despite their clinical utility, the widespread adoption
of angiogenic biomarker testing faces logistical and eco-
nomic barriers, especially in low-resource settings. The
availability of validated, rapid, and affordable assays
remains limited outside high-income countries. Bridging
this gap will require investment in decentralized diagnos-
tic platforms and policy frameworks that support the in-
clusion of biomarker-based risk assessment in standard
antenatal care packages.

Furthermore, there is an ongoing need for educational
initiatives and clinician training, ensuring that obstetric
care providers are familiar with the interpretation of an-
giogenic tests and their appropriate application in clinical
scenarios. Misuse or over-reliance on biomarker thresh-
olds in isolation may lead to unnecessary interventions
or false reassurance if not contextualized within a broad-
er clinical assessment.

Lastly, ethical and psychosocial considerations must
be addressed, particularly as early prediction of
preeclampsia may generate anxiety or trigger aggressive
interventions in pregnancies that might otherwise remain
uncomplicated. Shared decision-making, clear patient
communication, and individualized care planning will
remain central pillars in the responsible application of
angiogenic testing [21].

In conclusion, angiogenic biomarkers represent a par-
adigm shift in the prediction and management of
preeclampsia. Their continued refinement and integration
into clinical practice offer the potential to personalize
prenatal care, reduce maternal and fetal morbidity, and
enable a proactive, precision-based approach to one of
obstetrics” most formidable complications. Addressing
the remaining implementation challenges will be essen-
tial to ensure that the promise of angiogenic profiling
becomes a global standard of care.

CONCLUSION

Preeclampsia continues to be a leading cause of ma-
ternal and perinatal morbidity and mortality worldwide.
The discovery of angiogenic imbalance as a central
component of its pathophysiology has redefined our ap-
proach to screening, diagnosis, and risk stratification.
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Biomarkers such as placental growth factor (PIGF), sol-
uble fms-like tyrosine kinase-1 (sFlt-1), and the sFlt-1/
PIGF ratio provide valuable insight into placental health
and vascular function, offering predictive capabilities
that surpass traditional clinical assessments.

Clinical studies have validated the use of angiogenic
markers in identifying women at increased risk of
preeclampsia, particularly in its early-onset and severe
forms. Their integration into antenatal care pathways
enables earlier diagnosis, more precise monitoring, and
timely intervention, with the potential to improve mater-
nal and fetal outcomes. However, challenges related to
standardization, access, clinician training, and ethical
considerations remain and must be systematically ad-
dressed.

Looking forward, the future of obstetric care will
likely incorporate angiogenic profiling as a cornerstone
of personalized prenatal medicine. Continued research,
innovation in diagnostic platforms, and global efforts to
expand availability will be key to ensuring that the bene-
fits of angiogenic biomarkers are fully realized across all
populations.
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PREEKLAMPSIYANI BASHORAT QILISHDA
ANGIOGEN OMILLARNING ROLINI ANIQLASH

Navruzova R.S.
Toshkent Pediatriya Tibbiyot Instituti
ANNOTATSIYA

Preeklampsiya butun dunyoda ona va bola salo-
matligiga tahdid soluvchi asosiy homiladorlik asoratlari-
dan biri hisoblanadi. Kasallikning murakkab patogenezi
g‘ayritabiiy platsentatsiya, immun disbalans va en-
dotelial shikastlanish bilan bog‘liq. So‘nggi yillarda an-
giogen muvozanatsizlik preeklampsiyaning rivojlanishi-
da muhim omil sifatida ko‘rilmoqda. Ushbu maqolada

angiogen biomarkerlardan — platsentar o‘sish omili
(PIGF), erituvchi fms-similar tirozin kinaza-1 (sFlt-1) va
erituvchi endoglin (sEng) — preeklampsiyani erta

aniqlashdagi prognostik ahamiyati yoritilgan. Bu omil-
larning biologik ahamiyati, homiladorlik davomida di-
namikasi va klinik risk baholash modellari bilan integrat-
siyasi tahlil qilinadi. Angiogen profillash orqali erta
aniqlash va kasallikni nazorat qilish homiladorlik parvar-
ishini yangi bosqichga olib chiqishi mumkin.

Kalit so‘zlar: Preeklampsiya, angiogen omillar,
PIGF, sFlt-1, biomarkerlar, homiladorlik asoratlari

JESM 2025 | Volume 1 | Issue 6

48

ONPEAEJEHHUE PO/ AHIT'MOI'EHHbBIX
®OAKTOPOB B ITIPOTHO3NPOBAHUU
IMPE3KJIAMIICUN

Hagpy3osa P.C.

TamkeHTCKMI NeAUATPUIECKNNA MeTUIUHCKHUI
HHCTUTYT

AHHOTAIMNSA

IIpeskamMmcus BISIETCS OFHON N3 OCHOBHBIX NTPUYMH
MaTEpUHCKON W TEepUHATAJIBbHON 3a00JIEBAEMOCTH W
CMEpPTHOCTH B Mupe. E€ maTorenes ciioxkeH 1 MHOrogak-
TOPEH, BKIIIOYas HapyllleHWe MJaleHTalul, UMMYHHYIO
MUC(YHKIMIO U 3HAOTEJIUAJIbHOEe MNOBpexaeHue. B
MOCTIE[IHUE TOofibl 0co00€ BHUMaHWE YJENSETCS POJu
AHTMOTE€HHOTO JucOanaHca B pa3BUTUM U ITPOrPECCUPOBA-
HUM TIpesKJIaMmIricui. B HacTosmeMm o030pe paccMaTrpu-
BaeTCs MNPOTHOCTHYECKAas LEHHOCTb AHTMOTEHHBIX
6romapkepoB — maneHTapHoro ¢akropa pocta (PIGF),
pacTBopuMoii THpo3uHKuHa3bI-1 (sFlt-1) u pacTBOopuMoO-
ro 3HporavHa (sEng) — B BbISBIEHNWU >KEHILMH C BbICO-
KUM PHUCKOM Tmpedkiamicuu. OG6oOIeHbl JaHHbIE O
OHMOJIOTMYECKON 3HAYMMOCTH 9TUX (PaKTOPOB, TUHAMUKE
VX KOHLUEHTpALWil B Te€YeHNEe OEPEMEHHOCTH W MX POJIA B
KJIMHAYECKUX MOJIEJISIX OLEHKM pucka. [lomuépkuBaercs
MOTEHUMAN aHTMOT€HHOH MpoUiM3alyy KaK MHCTPYMEH-
Ta Uil paHHEro CKPHUHWHTA, [MAarHOCTUKM W BbIOOpa
TaKTUKU BEIEHNAsI OEPEMEHHOCTH.

KmoueBble caoBa: IIpeskiamncusi, aHrnoreHHble
¢akropel, PIGF, sFlt-1, Guomapkepbl, OCIOKHEHUS
OepeMEHHOCTHU

https://journals.tma.uz/


https://journals.tma.uz/

