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Vascular endothelial growth factor (VEGF) serves as a central 

mediator of vascular remodeling and neovascularization, 

essential components for successful pregnancy. This review 

aims to elucidate the diverse functions of VEGF in maternal 

vascular adaptations and placental development across the 

gestational timeline. Understanding the pivotal role of VEGF 

in maintaining vascular integrity, supporting placental 

function, and ensuring fetal nourishment is fundamental for 

comprehending the intricacies of pregnancy physiology and 

addressing pregnancy-associated disorders. Throughout 

pregnancy, the maternal circulatory system undergoes 

dynamic changes orchestrated by VEGF to accommodate the 

growing demands of the developing fetus. This section 

delineates VEGF's role in orchestrating vasodilation, 

angiogenesis, and increased vascular permeability, thereby 

optimizing blood flow to the placenta and sustaining adequate 

fetal oxygen and nutrient supply. Critical to fetal nourishment 

and development, the placenta relies significantly on VEGF-

mediated processes for its formation and functionality. This 

segment explores VEGF's influence on trophoblast invasion, 

placental vascularization, and the establishment of an efficient 

maternal-fetal interface. It elucidates the impact of VEGF on  
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regulating fetal growth, nutrient exchange, and the prevention 

of pregnancy-related complications. Disruptions in VEGF 

signaling pathways have been associated with various 

pregnancy complications, including preeclampsia, intrauterine 

growth restriction (IUGR), and gestational diabetes. This 

section delves into the clinical implications of aberrant VEGF 

expression and function, highlighting their significance in 

early diagnosis, risk assessment, and potential therapeutic 

interventions targeting VEGF pathways. Emerging 

therapeutic strategies aimed at modulating VEGF signaling 

pathways present promising avenues for managing 

pregnancy-related complications. This section examines 

potential interventions, including VEGF supplementation, 

receptor modulation, and innovative gene therapies, offering 

insights into their potential for mitigating adverse pregnancy 

outcomes associated with VEGF dysregulation. VEGF 

emerges as a fundamental player in orchestrating maternal 

vascular adaptations, placental development, and fetal growth 

regulation throughout pregnancy. A deeper comprehension of 

VEGF's multifaceted roles not only enhances our 

understanding of reproductive physiology but also unveils 

potential avenues for targeted interventions to improve 

maternal and fetal health outcomes. 

……………………………………………………………………………………………………… 
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Introduction: - 

Pregnancy orchestrates a remarkable series of physiological adaptations, pivotal among which is 

the intricate regulation of vascular growth and remodeling essential for maternal-fetal health. At 

the crux of these adaptations lies the vascular endothelial growth factor (VEGF), a master 

regulator of angiogenesis and vasculogenesis crucial for the development and maintenance of the 

maternal-fetal vasculature. This review aims to comprehensively explore the multifaceted roles 

of VEGF throughout the stages of pregnancy, elucidating its profound contributions to maternal 

vascular changes, placental angiogenesis, and fetal development. Furthermore, it scrutinizes the 

clinical ramifications of VEGF dysregulation in pregnancy-related complications and evaluates 

potential therapeutic interventions targeting VEGF signaling pathways to ameliorate adverse 

maternal and fetal outcomes [1-10]. 

VEGF, a multifunctional cytokine, holds pivotal importance in mediating physiological 

responses, particularly in the context of pregnancy. Its role in promoting angiogenesis, 

endothelial cell proliferation, and vascular permeability has garnered attention due to its 

indispensable contribution to maternal adaptations and fetal well-being. Understanding the 

intricate mechanisms by which VEGF modulates vascular dynamics across gestation is not only 
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crucial for comprehending the complexities of maternal physiology but also offers avenues for 

therapeutic interventions in high-risk pregnancies [11-21]. 

Throughout pregnancy, maternal cardiovascular adaptations are paramount in meeting the 

escalating metabolic demands of the developing fetus. VEGF orchestrates a spectrum of changes, 

including vasodilation, remodeling of uteroplacental vessels, and augmentation of placental 

blood flow. Unraveling the role of VEGF in these adaptations illuminates its significance in 

ensuring optimal maternal-fetal circulation and nutrient exchange [22-31]. The placenta, an 

indispensable organ for fetal nourishment and oxygenation, heavily relies on VEGF-mediated 

processes for its development. VEGF governs trophoblast invasion, placental vascularization, 

and the establishment of an efficient maternal-fetal interface. Understanding VEGF's intricate 

involvement in placental angiogenesis sheds light on its role in modulating fetal growth and 

mitigating pregnancy-related complications [32-41]. Altered VEGF expression or function has 

been linked to various gestational pathologies such as preeclampsia, intrauterine growth 

restriction (IUGR), and gestational diabetes. This review examines the clinical ramifications of 

aberrant VEGF signaling, emphasizing its implications for early diagnosis, risk stratification, and 

potential therapeutic targets in pregnancy complications [42-50]. Emerging therapeutic avenues 

aimed at modulating VEGF signaling pathways present promising prospects for managing 

pregnancy-related complications. This section investigates potential interventions involving 

VEGF supplementation, receptor modulation, and innovative gene therapies, offering insights 

into their potential in mitigating adverse pregnancy outcomes associated with VEGF 

dysregulation. 

VEGF in Maternal Vascular Adaptations 

Maternal vascular adaptations during pregnancy are orchestrated to ensure adequate blood flow 

and nutrient supply to support the developing fetus. Vascular endothelial growth factor (VEGF) 

emerges as a central player in mediating these adaptations by regulating vasodilation, 

angiogenesis, and vascular permeability [51-64]. VEGF plays a crucial role in modulating 

vascular tone and diameter, thereby promoting vasodilation in maternal blood vessels. This 

vasodilatory effect is pivotal for adjusting blood flow to meet the heightened demands of the 

growing uterus and placenta. VEGF-mediated vasodilation facilitates increased uteroplacental 

blood flow, ensuring optimal oxygen and nutrient delivery to the developing fetus [65]. 

Throughout gestation, VEGF drives angiogenesis, stimulating the formation of new blood 

vessels and remodeling existing vasculature. This process is particularly prominent in the uterine 

arteries and spiral arteries, where VEGF promotes vessel enlargement and remodeling to 

accommodate increased blood flow. Proper remodeling facilitated by VEGF is essential for 

preventing maternal complications such as preeclampsia and ensuring efficient maternal-fetal 

nutrient exchange. VEGF is a key regulator of placental vascular development. It supports the 

growth and branching of fetal blood vessels within the placenta, enabling optimal exchange of 

gases and nutrients between maternal and fetal circulatory systems. Dysregulation of VEGF-

mediated placental angiogenesis can lead to compromised placental function, potentially 

contributing to adverse pregnancy outcomes. VEGF also influences vascular permeability, 

regulating fluid dynamics within maternal tissues. Controlled vascular permeability facilitated by 

VEGF allows for appropriate transport of nutrients and fluid between maternal and fetal 

compartments. Disruption of this balance may lead to conditions like edema or impaired nutrient 
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transfer, impacting maternal and fetal health [66]. VEGF expression is intricately regulated in 

response to varying hormonal, metabolic, and mechanical cues during pregnancy. This adaptive 

response ensures appropriate maternal vascular adaptations in different stages of gestation, 

maintaining homeostasis and supporting the dynamic changes required for fetal growth and 

development. 

VEGF in Placental Angiogenesis and Development 

The placenta, a dynamic and multifunctional organ, plays a central role in supporting fetal 

growth and development throughout pregnancy [67]. Vascular endothelial growth factor (VEGF) 

is a key orchestrator of placental angiogenesis and development, exerting profound effects on 

trophoblast invasion, vascularization, and the establishment of a functional maternal-fetal 

interface [68]. 

VEGF is instrumental in regulating trophoblast invasion, a critical process for establishing a 

robust maternal-fetal interface. VEGF facilitates the migration and invasion of trophoblast cells 

into the maternal decidua and myometrium, aiding in the remodeling of spiral arteries. Proper 

remodeling, mediated by VEGF, transforms these arteries into low-resistance vessels, ensuring 

adequate blood supply to the developing placenta [69]. 

VEGF plays a pivotal role in angiogenesis within the placenta, stimulating the formation and 

branching of fetal blood vessels. It promotes the proliferation and differentiation of endothelial 

cells, leading to the development of a complex vascular network essential for efficient gas and 

nutrient exchange between maternal and fetal circulatory systems. VEGF-mediated angiogenesis 

within the placenta is crucial for ensuring optimal fetal growth and development [70]. 

VEGF not only influences the structure of the placental vasculature but also regulates its 

functional capacity. It contributes to the permeability of placental blood vessels, facilitating the 

passage of oxygen, nutrients, and waste products between maternal and fetal circulations. Proper 

VEGF-mediated vascularization ensures the integrity of the maternal-fetal exchange interface, 

crucial for fetal nourishment and metabolic exchange [67]. 

VEGF expression within the placenta is dynamically regulated in response to varying 

physiological demands throughout gestation. This adaptive regulation ensures that placental 

angiogenesis and vascular development are finely tuned to meet the changing needs of the 

developing fetus. Any dysregulation in VEGF signaling may disrupt placental vascular 

development, potentially leading to adverse pregnancy outcomes such as intrauterine growth 

restriction (IUGR) or preeclampsia [71]. Understanding the central role of VEGF in placental 

angiogenesis opens avenues for potential therapeutic interventions aimed at optimizing placental 

function. Strategies targeting VEGF signaling pathways could potentially mitigate placental 

vascular dysfunction in high-risk pregnancies, offering prospects for improving fetal growth and 

mitigating pregnancy complications. VEGF emerges as a pivotal factor in orchestrating placental 

angiogenesis and vascular development, contributing significantly to the establishment of a 

functional maternal-fetal interface. Its multifaceted roles in trophoblast invasion, vascularization, 

and functional regulation underscore its critical importance in ensuring optimal placental 

function and fetal well-being throughout pregnancy. 
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Clinical Implications of VEGF Dysregulation in Pregnancy 

Disruptions in the delicate balance of vascular endothelial growth factor (VEGF) signaling 

during pregnancy have profound clinical implications, potentially contributing to various 

pregnancy-related complications. Understanding the consequences of VEGF dysregulation is 

crucial for early identification, risk assessment, and management of these complications [72]. 

Dysregulated VEGF expression has been associated with the pathogenesis of preeclampsia, a 

hypertensive disorder characterized by new-onset hypertension and proteinuria after 20 weeks of 

gestation. Reduced VEGF levels or impaired VEGF signaling in the placenta may lead to 

inadequate placental perfusion, endothelial dysfunction, and the release of anti-angiogenic 

factors, contributing to the development of preeclampsia [73]. Aberrant VEGF expression can 

impact placental angiogenesis and vascular development, potentially leading to inadequate blood 

supply to the fetus. Insufficient VEGF-mediated vascularization within the placenta may result in 

reduced nutrient and oxygen exchange, contributing to intrauterine growth restriction (IUGR) 

and suboptimal fetal growth [71]. Altered VEGF levels have been observed in gestational 

diabetes mellitus, a condition characterized by glucose intolerance during pregnancy. VEGF 

dysregulation may affect placental angiogenesis and microvascular function, contributing to 

impaired glucose transport across the placenta and impacting fetal growth [74]. Disruptions in 

VEGF-mediated placental vascularization can lead to placental insufficiency, characterized by 

inadequate nutrient and oxygen supply to the fetus. This insufficiency may increase the risk of 

preterm birth, contributing to adverse neonatal outcomes associated with premature delivery 

[75]. VEGF levels or alterations in VEGF signaling pathways may hold diagnostic and 

prognostic value in identifying high-risk pregnancies prone to complications. VEGF assessment 

might assist clinicians in risk stratification and early intervention strategies aimed at mitigating 

adverse outcomes in affected pregnancies [76]. Understanding the role of VEGF dysregulation in 

pregnancy complications offers potential therapeutic avenues. Targeted interventions aimed at 

restoring VEGF balance or modulating VEGF signaling pathways could be explored as potential 

strategies to mitigate adverse pregnancy outcomes. The clinical implications of VEGF 

dysregulation in pregnancy span a spectrum of complications, ranging from hypertensive 

disorders to fetal growth abnormalities. Elucidating the role of VEGF in these complications not 

only aids in understanding their pathophysiology but also holds promise for potential 

interventions aimed at improving maternal and fetal outcomes in high-risk pregnancies. 

Therapeutic Potential of Targeting VEGF Signaling 

Understanding the pivotal role of vascular endothelial growth factor (VEGF) in pregnancy-

related complications has prompted investigations into potential therapeutic interventions 

targeting VEGF signaling pathways. Strategies aimed at modulating VEGF signaling hold 

promise for managing and potentially mitigating adverse pregnancy outcomes associated with 

VEGF dysregulation. Augmenting VEGF levels through supplementation or enhancing VEGF 

receptor activation presents a potential therapeutic approach. This strategy aims to restore VEGF 

balance, particularly in conditions characterized by reduced VEGF expression or impaired 

receptor function, such as preeclampsia or intrauterine growth restriction (IUGR). Clinical trials 

assessing the safety and efficacy of VEGF supplementation or receptor agonists are warranted. 

[77] Beyond VEGF, therapies targeting related angiogenic factors involved in placental 

angiogenesis, such as placental growth factor (PlGF), could hold therapeutic potential. Combined 
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therapies targeting multiple angiogenic factors might offer synergistic effects, potentially 

addressing the multifactorial nature of pregnancy-related complications [78]. Innovative 

approaches involving gene therapies or molecular interventions aimed at modulating VEGF 

expression or downstream signaling pathways are under exploration. Precise manipulation of 

VEGF-related genes or pathways holds potential for tailored therapeutic interventions, although 

their clinical applicability in pregnancy requires further investigation. Repurposing or developing 

drugs targeting angiogenesis pathways, including VEGF inhibitors or angiogenesis inhibitors, 

may offer therapeutic avenues in managing specific pregnancy complications. However, cautious 

consideration of potential off-target effects and fetal safety profiles is crucial before their clinical 

implementation. Stratifying high-risk pregnancies based on VEGF-related biomarkers or genetic 

predispositions might enable personalized therapeutic approaches. Tailored interventions 

targeting specific VEGF-related abnormalities could improve efficacy and minimize potential 

adverse effects. Implementing preventive measures or early interventions aimed at preserving 

VEGF-mediated vascular adaptations may hold promise in mitigating the onset or severity of 

pregnancy complications. Lifestyle modifications, nutritional interventions, or pharmacological 

agents could potentially modulate VEGF pathways to support healthy pregnancy outcomes. 

Robust clinical trials evaluating the safety and efficacy of interventions targeting VEGF 

signaling pathways in pregnancy are essential. Translational research efforts bridging basic 

science discoveries with clinical applications are vital for realizing the therapeutic potential of 

targeting VEGF signaling in pregnancy-related complications. While the therapeutic modulation 

of VEGF signaling pathways presents promising avenues for managing pregnancy-related 

complications, rigorous research, and clinical validation are imperative. Advancing our 

understanding of VEGF-related mechanisms and conducting well-designed trials will pave the 

way for innovative therapeutic interventions, potentially improving maternal and fetal outcomes 

in high-risk pregnancies. 

Conclusion 

Vascular endothelial growth factor (VEGF) stands as a fundamental regulator in the 

orchestration of intricate processes vital for a successful pregnancy. Its multifaceted roles in 

maternal vascular adaptations, placental angiogenesis, and fetal development underscore its 

significance in ensuring optimal maternal-fetal health throughout gestation. However, 

dysregulation of VEGF signaling pathways can contribute to a spectrum of pregnancy-related 

complications, including hypertensive disorders, intrauterine growth restriction, and impaired 

placental function. The elucidation of VEGF's pivotal involvement in pregnancy complications 

not only deepens our understanding of their underlying pathophysiology but also unveils 

potential avenues for therapeutic interventions. Strategies targeting VEGF signaling pathways 

hold promise for mitigating adverse outcomes associated with VEGF dysregulation. Augmenting 

VEGF levels, modulating VEGF receptors, exploring gene therapies, or employing angiogenesis-

targeted drugs are among the innovative approaches under investigation. 

Nevertheless, while these therapeutic avenues offer potential, translating these strategies into 

clinical practice necessitates comprehensive research, robust clinical trials, and a thorough 

understanding of the delicate balance between therapeutic efficacy and fetal safety. Personalized 

approaches based on biomarkers or genetic profiling may further enhance the precision and 

efficacy of VEGF-targeted interventions in high-risk pregnancies. The evolving landscape of 
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research in VEGF signaling pathways in pregnancy underscores the need for interdisciplinary 

collaboration, rigorous translational studies, and ethical considerations in therapeutic 

development. By advancing our understanding of VEGF-mediated mechanisms and leveraging 

innovative interventions, there exists a prospect to mitigate adverse pregnancy outcomes and 

improve maternal and fetal health. 
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