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UNDERSTANDING PREECLAMPSIA:  

ANGIOGENESIS BIOMARKERS IN FOCUS 
 

Resume 

This article delves into preeclampsia, a significant pregnancy complication marked by high 

maternal mortality. It highlights the central role of angiogenesis biomarkers, particularly PlGF and 

sFlt-1, in understanding the disease's pathogenesis and aiding early diagnosis. The study examines 

the predictive value of the sFlt-1/PlGF ratio for risk stratification, emphasizing the potential for 

timely intervention to improve maternal and fetal outcomes. Further research is encouraged to 

enhance clinical applications and explore preeclampsia's underlying mechanisms. 

Introduction 

Preeclampsia is a distinctive condition exclusive to humans, characterized by a 

comprehensive hypertensive disorder affecting women in the later stages of pregnancy. The 

condition, as delineated by the International Society for the Study of Hypertension in Pregnancy 

(ISSHP), manifests itself post the 20th pregnancy week, marked by elevated blood pressure 

readings (exceeding 140/90 mmHg) coupled with substantial protein presence in urine (in excess 

of 300 mg per day) [1, 2, 3]. Being one of the gravest complications during pregnancy, it has a 

global prevalence rate up to 8%, according to WHO, positioning it as a leading cause of maternal 

mortality, contributing to approximately 14% of such cases annually. Over 50,000 women lose 

their lives each year globally due to complications arising from hypertensive disorders [4, 5, 6, 7]. 

The International Federation of Gynecology and Obstetrics (FIGO) stresses that many deaths from 

hypertensive conditions during pregnancy, preeclampsia included, can be averted with prompt and 

effective medical intervention, highlighting the critical need for accurate and effective diagnostic 

and prognostic tools in contemporary obstetrics [8, 9, 10]. 

Presentation of the Main Material 

Insufficient trophoblast invasion is considered one of the leading mechanisms in the 

pathogenesis of preeclampsia, leading to disturbed angiogenesis, endothelial dysfunction, changes 

in immunoreactivity, development of hypoxia, placental dysfunction, and ultimately the 

manifestation of the preeclampsia syndrome itself. Persistent hypoxia in the environment under 

preeclampsia creates a vicious cycle with high levels of factors that inhibit trophoblast invasion 

and lead to insufficient placentation with impaired remodeling of spiral arteries and the 

development of hypercoagulation [11]. 

Angiogenesis plays a crucial role in developing the placental blood vessels, with vascular 

endothelial growth factor (VEGF) and placental growth factor (PlGF) being central to this process. 

Their activity is balanced by inhibitors such as soluble fms-like tyrosine kinase-1 (sFlt-1) and 

soluble endoglin (sEng). [12]. 

https://orcid.org/0000-0002-8658-9148
https://orcid.org/0000-0002-3183-4556
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Placental growth factor (PlGF) is a protein belonging to the endothelial growth factor family, 

playing a crucial role in angiogenesis. Its normal dynamics during pregnancy involve a gradual 

increase during the first and second trimesters, with peak levels at 29–32 weeks followed by a 

decrease. In pregnancies complicated by preeclampsia, PlGF levels significantly decrease 

compared to normal levels for the gestational age [13]. According to a study by the Royal College 

of London, a decrease in PlGF concentration with high sensitivity allows for identifying women 

at risk of developing preeclampsia before 35 weeks of gestation, who, in case of disease 

development, will require urgent delivery within 14 days [14]. Changes in PlGF concentration 

logically reflect the development of endothelial disorders, but in terms of preeclampsia 

development, it was found to have limited prognostic value when used in isolation [15]. 

sFlt-1, a soluble form of fms-like tyrosine kinase-1, is a short fragment of a membrane 

protein that circulates in serum and inactivates VEGF and PlGF by binding to them, acting as an 

anti-angiogenic factor. It has been found that serum levels of sFlt-1 begin to increase 5 weeks 

before the manifestation of the first symptoms of preeclampsia and continue to rise progressively 

with the disease's development [16]. The level of sFlt-1 directly correlates with the severity of the 

disease, the development of proteinuria, and hypertension, but differences in its concentration in 

the serum of women with a physiological course of pregnancy and those with preeclampsia are 

only detectable after the 20th week of pregnancy. ACOG limits the reliability of using this test in 

isolation for predicting the development of preeclampsia at 5 weeks [17]. 

A more promising approach seems to be the combined analysis of PGF and sFlt-1 

concentration changes. In the blood of pregnant women, there is a significant increase in sFlt-1 

concentration simultaneously with a decrease in PlGF level. Evaluating this ratio allows 

stratification of the risk of developing complications in women with presumed preeclampsia: those 

with a ratio higher than 85 will more likely face complications such as multi-organ damage, 

premature labor, small for gestational age fetus, and the need for neonatal intensive care within 

two weeks of manifestation. Conversely, with a ratio below 85, the development of these 

complications is less likely, even with a preeclampsia diagnosis. Additionally, this ratio can be 

useful for predicting the manifestation of preeclampsia within four weeks from the analysis, thus 

enabling the screening of patients with clinical signs that are not sufficient for preeclampsia 

verification [18]. Roche conducted the PROGNOSIS study from December 2010 to January 2014 

among pregnant women suspected of preeclampsia, which provided evidence that the sFlt-1/PlGF 

ratio could be used for predicting the development of preeclampsia in conjunction with other 

diagnostic and clinical data. Doubling the sFlt-1/PlGF index in a short term indicates the disease's 

severity and underscores the correctness of the decision to terminate the pregnancy via cesarean 

section. The PROGNOSIS study among patients with presumed preeclampsia found that a ratio 

of sFlt-1/PlGF ≤38 had significant prognostic value for excluding the development of 

preeclampsia within the next week after analysis (NPV 99.3%). At the same time, an sFlt-1/PlGF 

ratio >38 had enough prognostic value to indicate the development of preeclampsia within the 

next 4 weeks after analysis (PPV=36.7%) [19]. Later studies confirmed these data: a ratio below 

38 excludes the development of preeclampsia for at least the next week with a high sensitivity and 

specificity. Similarly, for a ratio above 38 within the next four weeks, the development of 

preeclampsia could be predicted with a sensitivity of 66.2% and a specificity of 83.1% [20, 21]. 

Another biomarker under prolonged discussion for its role in the pathogenesis of 

preeclampsia is vascular endothelial growth factor (VEGF). It is noteworthy that it belongs to a 

family of proteins that regulate the balance between angiogenic and anti-angiogenic signals during 

placentation. VEGF is essential for the physiological growth of stromal vessels and placenta 

through regulation of the invasive properties of cytotrophoblasts. One of the primary functions of 

VEGF in the placenta at late gestation terms is to ensure increased endothelial cell viability and 

vascular stability. It should be noted that VEGF stimulates the production of sFlt-1 in the human 

placenta through its action on VEGF-2 receptors. The level of VEGF depends on the level of sFlt-
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1 and is regulated by feedback. Dysregulation of this feedback mechanism may play a role in the 

pathogenesis of preeclampsia [22]. 
Conclusion 

In conclusion, preeclampsia emerges as a critical pregnancy complication with notable 
implications for maternal health, highlighted by its high prevalence and mortality rates. Central to 
its pathogenesis are insufficient trophoblast invasion and impaired angiogenesis, leading to 
significant endothelial dysfunction and placental abnormalities. Biomarkers such as PlGF and 
sFlt-1, and particularly their ratio, have been identified as promising tools for early diagnosis and 
risk stratification, offering potential for timely and targeted interventions. These findings 
underscore the urgency of integrating these biomarkers into clinical practice to enhance the 
prediction, diagnosis, and management of preeclampsia, ultimately aiming to improve maternal 
and fetal outcomes. Further research is warranted to refine these strategies and to explore the 
underlying mechanisms of preeclampsia, reinforcing the need for a multidisciplinary approach to 
tackle this complex condition. 
 

References: 

1. Brown, M. A., Magee, L. A., Kenny, L. C., Karumanchi, S. A., McCarthy, F. P., Saito, S., Hall, D. R., Warren, C. 
E., Adoyi, G., Ishaku, S., & International Society for the Study of Hypertension in Pregnancy (ISSHP). (2018). 
Hypertensive Disorders of Pregnancy: ISSHP Classification, Diagnosis, and Management Recommendations for 
International Practice. Hypertension, 72(1), 24–43. https://doi.org/10.1161/HYPERTENSIONAHA.117.10803  

2. Phipps, E. A., Thadhani, R., Benzing, T., & Karumanchi, S. A. (2019). Pre-eclampsia: pathogenesis, novel 
diagnostics and therapies. Nature Reviews Nephrology, 15(5), 275–289. https://doi.org/10.1038/s41581-019-
0119-6  

3. Ranjbar, A., Taeidi, E., Mehrnoush, V., Roozbeh, N., & Darsareh, F. (2023). Machine learning models for 
predicting pre-eclampsia: a systematic review protocol. BMJ Open, 13(9), e074705. 
https://doi.org/10.1136/bmjopen-2023-074705  

4. Say, L., Chou, D., Gemmill, A., Tunçalp, Ö., Moller, A. B., Daniels, J., Gülmezoglu, A. M., Temmerman, M., & 
Alkema, L. (2014). Global causes of maternal death: a WHO systematic analysis. The Lancet Global Health, 2(6), 
e323–e333. https://doi.org/10.1016/S2214-109X(14)70227-X  

5. World Health Organization. (2023). Trends in maternal mortality 2000 to 2020: Estimates by WHO, UNICEF, 
UNFPA, World Bank Group and UNDESA/Population Division. Geneva, Switzerland: World Health 
Organization. (CC BY-NC-SA 3.0 IGO). 

6. Ward, Z. J., Atun, R., King, G., Sequeira Dmello, B., & Goldie, S. J. (2023). Simulation-based estimates and 
projections of global, regional and country-level maternal mortality by cause, 1990-2050. Nature Medicine, 29(5), 
1253–1261. https://doi.org/10.1038/s41591-023-02310-x  

7. Trost, S. L., Beauregard, J., Petersen, E. E., Cox, S., Chandra, G., St Pierre, A., Rodriguez, M., & Goodman, D. 
(2023). Identifying Deaths During and After Pregnancy: New Approaches to a Perennial Challenge. Public Health 
Reports, 138(4), 567–572. https://doi.org/10.1177/00333549221110487  

8. Abstracts of the XXII FIGO World Congress of Gynecology & Obstetrics. (2018). International Journal of 
Gynaecology and Obstetrics: The Official Organ of the International Federation of Gynaecology and Obstetrics, 
143(Suppl 3), 43–991. https://doi.org/10.1002/ijgo.12584  

9. Geary, M., & Goggins, A. (2023). Selected papers from the XXIII FIGO World Congress. International Journal of 
Gynaecology and Obstetrics: The Official Organ of the International Federation of Gynaecology and Obstetrics, 
160(2), 457–458. https://doi.org/10.1002/ijgo.14624  

10. Shennan, A., Suff, N., Jacobsson, B., the FIGO Working Group for Preterm Birth, Simpson, J. L., Norman, J., 
Grobman, W. A., Bianchi, A., Mujanja, S., Valencia, C. M., & Mol, B. W. (2021). Abstracts of the XXIII FIGO 
World Congress of Gynecology & Obstetrics. International Journal of Gynaecology and Obstetrics: The Official 
Organ of the International Federation of Gynaecology and Obstetrics, 155(Suppl 2)(1), 31–532. 
https://doi.org/10.1002/ijgo.13884 

11. Redman, C. W., & Sargent, I. L. (2009). Placental stress and pre-eclampsia: a revised view. Placenta, 30(Suppl 
A), S38-S42. https://doi.org/10.1016/j.placenta.2008.11.021  

12. Verlohren, S., Brennecke, S. P., Galindo, A., Karumanchi, S. A., Mirkovic, L. B., Schlembach, D., Stepan, H., 
Vatish, M., Zeisler, H., & Rana, S. (2022). Clinical interpretation and implementation of the sFlt-1/PlGF ratio in 
the prediction, diagnosis, and management of preeclampsia. Pregnancy Hypertension, 27, 42–50. 
https://doi.org/10.1016/j.preghy.2021.12.003  

13. Chappell, L. C., Duckworth, S., Seed, P. T., Griffin, M., Myers, J., Mackillop, L., Simpson, N., Waugh, J., Anumba, 
D., Kenny, L. C., Redman, C. W., & Shennan, A. H. (2013). Diagnostic accuracy of placental growth factor in 
women with suspected preeclampsia: a prospective multicenter study. Circulation, 128(19), 2121–2131. 
https://doi.org/10.1161/CIRCULATIONAHA.113.003215  

https://doi.org/10.1161/HYPERTENSIONAHA.117.10803
https://doi.org/10.1038/s41581-019-0119-6
https://doi.org/10.1038/s41581-019-0119-6
https://doi.org/10.1136/bmjopen-2023-074705
https://doi.org/10.1016/S2214-109X(14)70227-X
https://doi.org/10.1038/s41591-023-02310-x
https://doi.org/10.1177/00333549221110487
https://doi.org/10.1002/ijgo.12584
https://doi.org/10.1002/ijgo.14624
https://doi.org/10.1002/ijgo.13884
https://doi.org/10.1016/j.placenta.2008.11.021
https://doi.org/10.1016/j.preghy.2021.12.003
https://doi.org/10.1161/CIRCULATIONAHA.113.003215


 Sectoral research XXI: characteristics and features • 

.  

84  
 

14. Honigberg, M. C., Cantonwine, D. E., Thomas, A. M., Lim, K. H., Parry, S. I., & McElrath, T. F. (2016). Analysis 

of changes in maternal circulating angiogenic factors throughout pregnancy for the prediction of preeclampsia. 

Journal of Perinatology, 36(3), 172–177. https://doi.org/10.1038/jp.2015.170  

15. Maynard, S. E., & Karumanchi, S. A. (2011). Angiogenic factors and preeclampsia. Seminars in Nephrology, 

31(1), 33–46. https://doi.org/10.1016/j.semnephrol.2010.10.004  

16. ACOG Practice Bulletin No. 202 Summary: Gestational Hypertension and Preeclampsia. (2019). Obstetrics & 

Gynecology, 133(1), 1. https://doi.org/10.1097/AOG.0000000000003019  

17. Ohkuchi, A., Hirashima, C., Takahashi, K., Suzuki, H., Matsubara, S., & Suzuki, M. (2013). Onset threshold of 

the plasma levels of soluble fms-like tyrosine kinase 1/placental growth factor ratio for predicting the imminent 

onset of preeclampsia within 4 weeks after blood sampling at 19-31 weeks of gestation. Hypertension Research, 

36(12), 1073–1080. https://doi.org/10.1038/hr.2013.95  

18. Hund, M., Allegranza, D., Schoedl, M., Dilba, P., Verhagen-Kamerbeek, W., & Stepan, H. (2014). Multicenter 

prospective clinical study to evaluate the prediction of short-term outcome in pregnant women with suspected 

preeclampsia (PROGNOSIS): study protocol. BMC Pregnancy and Childbirth, 14, 324. 

https://doi.org/10.1186/1471-2393-14-324  

19. Zeisler, H., Llurba, E., Chantraine, F., Vatish, M., Staff, A. C., Sennström, M., Olovsson, M., Brennecke, S. P., 

Stepan, H., Allegranza, D., Dilba, P., Schoedl, M., Hund, M., & Verlohren, S. (2016). Predictive Value of the sFlt-

1:PlGF Ratio in Women with Suspected Preeclampsia. The New England Journal of Medicine, 374(1), 13–22. 

https://doi.org/10.1056/NEJMoa1414838  

20. Karumanchi, S. A. (2016). Angiogenic Factors in Preeclampsia: From Diagnosis to Therapy. Hypertension, 67(6), 

1072–1079. https://doi.org/10.1161/HYPERTENSIONAHA.116.06421 

21. Deinichenko, O. V., & Krut, Y. Y. (2019). Factors of angiogenesis and placental hormones in pregnant women 

with arterial hypertension. Pathologia, (3). https://doi.org/10.14739/2310-1237.2019.3.188891 

22. Zhang, Y. G., Yang, H. L., Zhang, Y. P., Ma, Q. L., Long, Y., & Zheng, Z. X. (2018). Pigment epithelium-derived 

factor/vascular endothelial growth factor ratio for early prediction of preeclampsia: A prospective multicenter 

study in China. Pregnancy Hypertension, 14, 43–48. https://doi.org/10.1016/j.preghy.2018.07.005 

  

https://doi.org/10.1038/jp.2015.170
https://doi.org/10.1016/j.semnephrol.2010.10.004
https://doi.org/10.1097/AOG.0000000000003019
https://doi.org/10.1038/hr.2013.95
https://doi.org/10.1186/1471-2393-14-324
https://doi.org/10.1056/NEJMoa1414838
https://doi.org/10.1161/HYPERTENSIONAHA.116.06421
https://doi.org/10.14739/2310-1237.2019.3.188891
https://doi.org/10.1016/j.preghy.2018.07.005



