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Abstract

Preeclampsia is a complex hypertensive disorder of pregnancy and one of the leading causes of
maternal and perinatal morbidity and mortality globally. Its pathophysiology is rooted in defective
placentation and abnormal spiral artery remodeling, resulting in impaired uteroplacental perfusion,
hypoxia, and the release of anti-angiogenic factors that trigger maternal endothelial dysfunction.
Early and accurate prediction of preeclampsia has become a priority in modern obstetric care, as
it allows targeted prophylactic measures such as low-dose aspirin, enhanced maternal
surveillance, and optimized timing of delivery. Uterine artery Doppler assessment has emerged
as a non-invasive and reproducible tool to evaluate uteroplacental blood flow. First-trimester
Doppler parameters—including pulsatility index (PI), resistance index (RI), and early diastolic
notching—provide valuable insights into abnormal vascular adaptation. When integrated with
maternal characteristics, mean arterial pressure, and biochemical markers such as placental
growth factor (PIGF) and pregnancy-associated plasma protein-A (PAPP-A), predictive accuracy
improves significantly, particularly for early-onset disease. Despite its limitations related to
population variability, technical challenges, and resource constraints, uterine artery Doppler
represents a cornerstone of multiparametric screening strategies for preeclampsia and continues
to evolve with the integration of advanced imaging and artificial intelligence approaches.
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Introduction

Preeclampsia stands as one of the most formidable challenges in contemporary obstetric practice, representing a leading
cause of maternal and perinatal mortality worldwide. This pregnancy-specific hypertensive disorder affects approximately
2-8% of pregnancies globally, with devastating consequences that extend far beyond the immediate pregnancy period.
The condition contributes to 9-26% of maternal deaths in low-income countries and 16% in high-income countries,
making it a critical public health concern that demands urgent attention and innovative approaches to early detection and
prevention. The clinical definition of preeclampsia has evolved significantly over recent decades, moving from a triad of
hypertension, proteinuria, and edema to a more nuanced understanding that emphasizes the multisystem nature of this
disorder. Currently, preeclampsia is characterized by new-onset hypertension after 20 weeks of gestation, defined as
systolic blood pressure >140 mmHg or diastolic blood pressure >90 mmHg on two occasions at least 4 hours apart,
accompanied by evidence of maternal organ dysfunction. This may manifest as proteinuria, maternal organ dysfunction
including renal insufficiency, liver involvement, neurological complications, hematological complications, or
uteroplacental dysfunction including fetal growth restriction. The recognition that preeclampsia can occur without
proteinuria has broadened our diagnostic criteria and emphasized the importance of identifying early predictive markers

(D).
The pathophysiological foundation of preeclampsia lies in the complex interplay between defective placentation and
maternal vascular dysfunction, a process that begins in the earliest stages of pregnancy. During normal pregnancy,

extravillous trophoblasts invade the maternal decidua and myometrium, transforming the spiral arteries from high-
resistance, muscular vessels to high-capacity, low-resistance conduits capable of supporting the dramatic increase in
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uteroplacental blood flow required for fetal development. The consequences of inadequate spiral artery remodeling
extend far beyond simple mechanical obstruction to blood flow. The resulting placental hypoperfusion triggers a cascade
of pathological events including chronic hypoxia, oxidative stress, inflammation, and cellular dysfunction within the
placental tissue. These conditions lead to the excessive production and release of various bioactive factors into the
maternal circulation, including anti-angiogenic proteins such as soluble fms-like tyrosine kinase-1 (sFlt-1) and soluble
endoglin, inflammatory cytokines, and placental debris. These circulating factors contribute to widespread maternal
endothelial dysfunction, which manifests as the clinical syndrome of preeclampsia with its characteristic features of
hypertension, proteinuria, and multiorgan involvement. The temporal relationship between defective placentation in early
pregnancy and the later development of clinical symptoms provides a crucial window of opportunity for early detection
and intervention. The clinical heterogeneity of preeclampsia has led to important distinctions between early-onset and
late-onset disease, each with distinct pathophysiological mechanisms and clinical implications. Early-onset preeclampsia,
typically defined as disease requiring delivery before 34 weeks of gestation, occurs in approximately 0.4-1% of
pregnancies but accounts for a disproportionate burden of maternal and perinatal morbidity and mortality (2).

The ability to predict preeclampsia early in pregnancy represents a paradigm shift in obstetric care, moving from reactive
management of established disease to proactive prevention and risk mitigation. Early identification of high-risk
pregnancies enables several crucial interventions that can significantly improve maternal and perinatal outcomes. Low-
dose aspirin prophylaxis, when initiated before 16 weeks of gestation in appropriately selected high-risk women, has been
demonstrated to reduce the risk of preterm preeclampsia by approximately 62% and early-onset preeclampsia by up to
82%. This remarkable protective effect appears to be mediated through aspirin's ability to modulate the balance between
vasoconstrictor and vasodilator prostaglandins, potentially improving placental vascularization and reducing
inflammation. Beyond pharmacological intervention, early risk stratification allows for enhanced surveillance protocols,
including more frequent antenatal visits, serial blood pressure monitoring, laboratory assessment of organ function, and
fetal growth surveillance. The development of effective screening strategies for preeclampsia has been hampered by the
complexity of the condition and the limitations of traditional risk factor-based approaches. Historical approaches relying
solely on maternal characteristics and medical history, such as those recommended by the National Institute for Health
and Care Excellence (NICE) and the American College of Obstetricians and Gynecologists (ACOG), achieve detection
rates of only 30-40% for preterm preeclampsia. While these guidelines appropriately identify women with the highest
baseline risks, including those with previous preeclampsia, chronic hypertension, chronic kidney disease, diabetes
mellitus, or autoimmune disease, they fail to identify the majority of women who will develop the condition (3).

The recognition that preeclampsia originates from defective uteroplacental vascularization has naturally led to interest in
Doppler ultrasound assessment of uterine artery blood flow as a potential screening tool. Uterine artery Doppler
ultrasonography offers a non-invasive method to evaluate the hemodynamic consequences of inadequate spiral artery
remodeling, providing insights into uteroplacental perfusion that may predict the later development of preeclampsia and
other pregnancy complications. The technique involves measurement of blood flow velocity waveforms in the main
uterine arteries, typically expressed as pulsatility index (PI) or resistance index (RI), along with qualitative assessment
for the presence of early diastolic notching. Abnormal uterine artery Doppler findings, characterized by elevated
resistance indices and persistent notching, reflect incomplete spiral artery transformation and inadequate uteroplacental
blood flow (4).

The evolution of uterine artery Doppler assessment from a research tool to a clinically applicable screening method has
been facilitated by advances in ultrasound technology, standardization of measurement techniques, and the development
of population-specific reference ranges. The integration of uterine artery Doppler with other predictive parameters,
including maternal characteristics, blood pressure measurements, and biochemical markers, has resulted in
multiparametric screening algorithms that achieve detection rates of 75-85% for early-onset preeclampsia. These
sophisticated approaches, exemplified by the competing risk model developed by the Fetal Medicine Foundation, treat
preeclampsia as a time-to-event outcome and incorporate multiple likelihood ratios to provide individualized risk
estimates for different gestational age cut-offs. The clinical validation of these algorithms in large prospective studies has
demonstrated their superiority over traditional screening approaches and has led to their incorporation into international
guidelines and clinical practice (5).
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Normal Uterine Vascular Adaptation in Pregnancy

The uterine circulation undergoes dramatic physiological changes during pregnancy to accommodate the growing
fetoplacental unit. Under normal circumstances, total uteroplacental blood flow increases from baseline values of 20-50
ml/min to 450-800 ml/min in singleton pregnancies, with values exceeding 1000 ml/min in twin pregnancies. This
remarkable increase is achieved through several complementary mechanisms including circumferential structural
enlargement of the uterine vascular tree, reduction in vascular tone through vasodilation, and creation of the placental
circulation (4). The process involves extensive remodeling of spiral arteries, where maternal vessels are invaded by
extravillous trophoblasts, replacing the muscular arterial wall with fibrinoid material and creating high-flow, low-
resistance vessels essential for adequate placental perfusion (5).

Pathological Changes in Preeclampsia

In pregnancies destined to develop preeclampsia, this normal physiological transformation is impaired. Shallow
trophoblast invasion results in incomplete remodeling of spiral arteries, maintaining their muscular walls and high-
resistance characteristics. This leads to inadequate placental perfusion, chronic hypoxia, and placental oxidative stress.
The resulting placental dysfunction triggers the release of anti-angiogenic factors including soluble fms-like tyrosine
kinase-1 (sFlt-1) and soluble endoglin, which contribute to maternal endothelial dysfunction and the clinical
manifestations of preeclampsia (6). These pathological changes can be detected through Doppler assessment of uterine
arteries, which demonstrate increased resistance to flow and persistent early diastolic notching reflecting incomplete spiral
artery transformation (7).

First Trimester Uterine Artery Doppler Assessment

First-trimester uterine artery Doppler assessment is typically performed between 11-14 weeks of gestation using
transvaginal or transabdominal ultrasound. The examination involves identification of the uterine arteries at the level of
the internal cervical os, where they cross the external iliac vessels. Key parameters measured include the pulsatility index
(PD), resistance index (RI), and presence of early diastolic notching. The mean PI of both uterine arteries is typically used
for screening purposes, with values often expressed as multiples of the median (MoM) after adjustment for maternal
characteristics (8). Standardized protocols, such as those developed by the Fetal Medicine Foundation, emphasize the
importance of consistent methodology to ensure reproducible results and reliable risk assessment (9).

Predictive Performance in High-Risk Populations

Studies examining first-trimester uterine artery Doppler in high-risk populations have demonstrated variable but
promising results. A prospective study of 120 Caucasian women with high-risk factors for preeclampsia found that uterine
artery PI had a sensitivity of 61.5% and specificity of 63.8% for predicting preeclampsia. The addition of bilateral
notching improved performance to 65.4% sensitivity and 66% specificity, suggesting the complementary value of these
parameters (10). However, the predictive accuracy varies significantly across different populations and risk categories,
with some studies reporting sensitivities as low as 23.9% in low-risk populations, highlighting the importance of
appropriate patient selection for screening programs (11).

Integration with Maternal Factors

The predictive performance of first-trimester uterine artery Doppler is significantly enhanced when combined with
maternal characteristics and risk factors. The competing risk model developed by the Fetal Medicine Foundation
incorporates maternal age, weight, height, race, medical history, and pregnancy characteristics to establish baseline risk
before applying likelihood ratios from biophysical and biochemical markers. This approach recognizes that preeclampsia
screening should be viewed as predicting the timing of delivery in pregnancies where the condition will eventually
develop, rather than simply identifying affected cases (12). The integration of multiple parameters allows for more
accurate risk stratification and targeted intervention strategies (13).

Biochemical Markers and Multiparametric Screening
Placental Growth Factor and PAPP-A

The combination of uterine artery Doppler with biochemical markers has revolutionized first-trimester preeclampsia
screening. Placental growth factor (P1GF) and pregnancy-associated plasma protein-A (PAPP-A) are key biomarkers that
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reflect placental function and development. PIGF, a member of the vascular endothelial growth factor family, plays crucial
roles in angiogenesis and vasculogenesis. Reduced PIGF levels in the first trimester are associated with impaired
placentation and increased preeclampsia risk. When combined with uterine artery Doppler and maternal factors, PIGF
significantly improves detection rates for preterm preeclampsia (14). Similarly, low PAPP-A levels, while less specific
than PIGF, contribute to multiparametric screening algorithms by reflecting inadequate trophoblast function and placental
development (15).

Mean Arterial Pressure Integration

Maternal mean arterial pressure (MAP) measured at 11-13 weeks represents another crucial component of
multiparametric screening. Blood pressure is typically elevated in pregnancies that will subsequently develop
preeclampsia, with particularly marked increases in those developing early-onset disease. The systematic measurement
of MAP using standardized protocols, including appropriate rest periods and validated devices, ensures reliable risk
assessment. When combined with uterine artery Doppler PI and PIGF, MAP contributes to screening algorithms that can
detect 82% of preterm preeclampsia cases, substantially improving upon clinical risk factor-based approaches (16). This
multiparametric approach forms the basis of several international screening guidelines and has demonstrated clinical
utility in preventing preeclampsia through targeted aspirin prophylaxis (17).

Special Populations and Clinical Scenarios
Twin Pregnancies

Twin pregnancies present unique challenges for uterine artery Doppler screening due to different hemodynamic
adaptations compared to singleton pregnancies. Studies have consistently shown that twin pregnancies have lower uterine
artery PI values in the first and second trimesters, reflecting increased placental mass and altered maternal cardiovascular
adaptation. However, the predictive accuracy of uterine artery Doppler for preeclampsia in twins appears reduced
compared to singletons, with lower sensitivity and negative predictive values. This suggests that the etiology of
preeclampsia in multiple pregnancies may involve factors beyond simple placental dysfunction, limiting the utility of
Doppler-based screening in this population (22). Current evidence suggests that twin-specific reference ranges and
modified screening algorithms may be necessary for optimal risk assessment (23).

Pregnancies with Medical Comorbidities

Women with pre-existing medical conditions such as chronic hypertension, diabetes mellitus, renal disease, or
autoimmune disorders face elevated baseline risks for preeclampsia. In these populations, uterine artery Doppler
assessment may provide additional risk stratification beyond clinical factors alone. Studies in women with systemic lupus
erythematosus have shown that abnormal first-trimester uterine artery Doppler parameters are associated with increased
preeclampsia risk, potentially helping identify the highest-risk patients who might benefit from enhanced surveillance or
prophylactic interventions (24). However, the interpretation of Doppler parameters in the context of underlying vascular
disease requires careful consideration of baseline abnormalities and disease-specific factors (25).

Recurrent Pregnancy Loss

Emerging evidence suggests a role for uterine artery Doppler assessment in women with recurrent pregnancy loss (RPL),
particularly unexplained cases. Studies have demonstrated that women with recurrent pregnancy loss often have increased
uterine artery resistance and decreased endometrial blood flow, which may contribute to implantation failure and early
pregnancy loss. The assessment of uterine artery blood flow in early pregnancy may help predict pregnancy viability and
guide management decisions in this challenging population (26). However, the optimal timing and methodology for
Doppler assessment in RPL cases remain areas of active investigation (27).

International Recommendations

Several international organizations have incorporated uterine artery Doppler assessment into their preeclampsia screening
recommendations. The International Society of Ultrasound in Obstetrics and Gynecology (ISUOG) has published practice
guidelines emphasizing the role of first-trimester multiparametric screening including uterine artery Doppler for high-risk
women. The International Federation of Gynecology and Obstetrics (FIGO) has endorsed similar approaches, particularly
in resource-limited settings where comprehensive biochemical screening may not be available (28). These guidelines
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emphasize the importance of standardized protocols, appropriate training, and quality assurance measures to ensure
reliable implementation of Doppler-based screening programs (29).

Cost-Effectiveness Considerations

The implementation of uterine artery Doppler screening requires consideration of cost-effectiveness and resource
allocation. While the individual costs of preterm preeclampsia are substantial, the relatively low prevalence of early-onset
disecase means that screening programs must demonstrate clear clinical and economic benefits. Studies have shown that
multiparametric screening incorporating uterine artery Doppler can be cost-effective when implemented in appropriately
selected populations, particularly when combined with aspirin prophylaxis for high-risk women (30). However, the
requirement for trained sonographers and specialized equipment may limit implementation in some healthcare settings

3.
Technical and Interpretive Issues

Despite its clinical utility, uterine artery Doppler assessment faces several technical and interpretive challenges. Inter-
observer variability in Doppler waveform analysis can affect reproducibility, particularly in less experienced hands. The
presence of maternal obesity, fetal position, and technical factors can compromise image quality and measurement
accuracy. Additionally, the interpretation of Doppler parameters requires consideration of gestational age, maternal
characteristics, and population-specific reference ranges (32). Standardized training programs and quality assurance
measures are essential for maintaining consistent performance across different centers and operators (33).

Population-Specific Variations

The predictive performance of uterine artery Doppler varies significantly across different ethnic populations and
geographical regions. Studies have demonstrated that reference ranges and cut-off values established in one population
may not be directly applicable to others, necessitating population-specific validation studies. Factors such as genetic
background, environmental influences, and baseline disease prevalence can all affect the utility of Doppler-based
screening (34). This highlights the importance of local validation and adaptation of screening protocols to ensure optimal
performance in diverse clinical settings (35).

Advanced Doppler Techniques

Emerging ultrasound technologies are expanding the possibilities for uterine vascular assessment. Three-dimensional
power Doppler and contrast-enhanced ultrasound offer new approaches to evaluating uteroplacental circulation. These
techniques may provide more comprehensive assessment of placental vascularization and blood flow distribution,
potentially improving the detection of subtle perfusion abnormalities associated with preeclampsia risk (36). However,
these advanced techniques require specialized equipment and expertise, limiting their immediate clinical applicability
(37).

Integration with Artificial Intelligence

The integration of artificial intelligence and machine learning approaches with Doppler assessment represents a promising
frontier for preeclampsia prediction. Advanced algorithms can potentially identify subtle patterns in Doppler waveforms
and integrate multiple parameters more effectively than traditional approaches. Machine learning models incorporating
clinical data, Doppler parameters, and other biomarkers may achieve superior predictive performance while reducing
operator dependency (38). However, the development and validation of such systems require large datasets and careful
attention to generalizability across different populations (39).

Patient Selection and Timing

Current evidence supports the use of first-trimester multiparametric screening including uterine artery Doppler for women
at increased risk of preeclampsia. This includes women with previous preeclampsia, chronic hypertension, diabetes
mellitus, renal disease, autoimmune conditions, or multiple moderate risk factors. The optimal timing appears to be
between 11-13 weeks of gestation, when crown-rump length measurements confirm gestational age and other first-
trimester assessments are typically performed (40). For women not assessed in the first trimester, second-trimester uterine
artery Doppler at 18-24 weeks can provide valuable risk stratification information (41).
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Quality Assurance and Training

Successful implementation of uterine artery Doppler screening requires comprehensive training programs and ongoing
quality assurance measures. Sonographers should receive standardized training in Doppler technique, waveform analysis,
and measurement protocols. Regular audits of technique and inter-observer agreement studies help maintain consistency
and identify areas for improvement. The establishment of reference ranges appropriate for the local population and
equipment is essential for accurate risk assessment (42). Continuous education and updates on evolving guidelines ensure
that practitioners remain current with best practices and emerging evidence (43).

References

1.

10.

11.

12.

13.

14.

15.

16.

Magee LA, Nicolaides KH, von Dadelszen P. Preeclampsia. New England Journal of Medicine.
2022;386(19):1817-1832.

Staff AC, Fjeldstad HE, Fosheim IK, Moe K, Turowski G, Johnsen GM, Sugulle M. Failure of physiological
transformation and spiral artery atherosis: their roles in preeclampsia. American Journal of Obstetrics and
Gynecology. 2022;226(2):S895-S906.

Tan MY, Syngelaki A, Poon LC, Rolnik DL, O'Gorman N, Delgado JL, et al. Screening for pre-eclampsia by
maternal factors and biomarkers at 11-13 weeks' gestation. Ultrasound in Obstetrics & Gynecology.
2018;52(2):186-195.

Ko NL, Mandala M, John L, Gelinne A, Osol G. Venoarterial communication mediates arterial wall shear stress-
induced maternal uterine vascular remodeling during pregnancy. American Journal of Physiology-Heart and
Circulatory Physiology. 2018;315(3):H709-H717.

Fournier SB, D'Errico JN, Stapleton PA. Uterine vascular control preconception and during pregnancy.
Comprehensive Physiology. 2021;11(3):1871.

Chappell LC, Cluver CA, Tong S. Pre-eclampsia. The Lancet. 2021;398(10297):341-354.

Casmod Y, Van Dyk B, Nicolaou E. Uterine artery Doppler screening as a predictor of pre-eclampsia. Health
SA Gesondheid. 2016;21:391-396.

Wright D, Syngelaki A, Akolekar R, Poon LC, Nicolaides KH. Competing risks model in screening for
preeclampsia by maternal characteristics and medical history. American Journal of Obstetrics and Gynecology.
2015;213(1):62-el.

Sotiriadis A, Hernandez-Andrade E, da Silva Costa F, Ghi T, Glanc P, Khalil A, et al. ISUOG Practice
Guidelines: role of ultrasound in screening for and follow-up of pre-eclampsia. Ultrasound in Obstetrics &
Gynecology. 2019;53(1):7-22.

Oancea M, Grigore M, Ciortea R, Diculescu D, Bodean D, Bucuri C, et al. Uterine artery doppler
ultrasonography for first trimester prediction of preeclampsia in individuals at risk from low-resource settings.
Medicina. 2020;56(9):428.

Prakansamut N, Phupong V. Serum SHARP1 and uterine artery Doppler for the prediction of preeclampsia.
Scientific Reports. 2019;9(1):12266.

Wright D, Wright A, Nicolaides KH. The competing risk approach for prediction of preeclampsia. American
Journal of Obstetrics and Gynecology. 2020;223(1):12-23.

Vikraman SK, Elayedatt RA. Pre-eclampsia screening in the first trimester—preemptive action to prevent the
peril. The Journal of Maternal-Fetal & Neonatal Medicine. 2022;35(9):1808-1816.

Park HJ, Shim SS, Cha DH. Combined screening for early detection of pre-eclampsia. International Journal of
Molecular Sciences. 2015;16(8):17952-17974.

Kumar M, Sharma K, Singh R, Singh S, Ravi V, Singh K, et al. Role of maternal factors, PAPP-A, and Doppler
in screening for early-and late-onset pregnancy hypertension in Asian population. Hypertension in Pregnancy.
2016;35(3):382-393.

Wright A, Wright D, Ispas CA, Poon LC, Nicolaides KH. Mean arterial pressure in the three trimesters of
pregnancy: effects of maternal characteristics and medical history. Ultrasound in Obstetrics & Gynecology.
2015;45(6):698-706.

3813



International Journal of Multiphysics
Volume 18, No. 3, 2024
ISSN: 1750-9548

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

Poon LC, Shennan A, Hyett JA, Kapur A, Hadar E, Divakar H, et al. The International Federation of Gynecology
and Obstetrics (FIGO) initiative on preeclampsia: a pragmatic guide for first trimester screening and prevention.
International Journal of Gynaecology and Obstetrics. 2019;145(Suppl 1):1.

Tay J, Masini G, McEniery CM, Giussani DA, Shaw CJ, Wilkinson IB, Lees CC. Uterine and fetal placental
Doppler indices are associated with maternal cardiovascular function. American Journal of Obstetrics and
Gynecology. 2019;220(1):96-¢1.

Tian Y, Yang X. A review of roles of uterine artery Doppler in pregnancy complications. Frontiers in Medicine.
2022;9:813343.

Khalil A, Morales-Rosell6 J, Townsend R, Morlando M, Papageorghiou A, Bhide A, Thilaganathan B. Value of
third-trimester cerebroplacental ratio and uterine artery Doppler indices as predictors of stillbirth and perinatal
loss. Ultrasound in Obstetrics & Gynecology. 2016;47(1):74-80.

Akolekar R, Tokunaka M, Ortega N, Syngelaki A, Nicolaides KH. Prediction of stillbirth from maternal factors,
fetal biometry and uterine artery Doppler at 19-24 weeks. Ultrasound in Obstetrics & Gynecology.
2016;48(5):624-630.

Francisco C, Wright D, Benké Z, Syngelaki A, Nicolaides KH. Competing-risks model in screening for pre-
eclampsia in twin pregnancy according to maternal factors and biomarkers at 11-13 weeks' gestation. Ultrasound
in Obstetrics & Gynecology. 2017;50(5):589-595.

Masini G, Tordini C, Pietrosante A, Gaini C, Di Tommaso M, Pasquini L. Prediction of pregnancy complications
by second-trimester uterine artery Doppler assessment in monochorionic twins. Journal of Clinical Ultrasound.
2019;47(7):399-404.

Dong Y, Yuan F, Dai Z, Wang Z, Zhu Y, Wang B. Preeclampsia in systemic lupus erythematosus pregnancy: a
systematic review and meta-analysis. Clinical Rheumatology. 2020;39:319-325.

Jiang M, Wang Y, Fu Q, Lin S, Wu J, Di W. Preeclampsia risk prediction model for Chinese pregnant patients
with systemic lupus erythematosus. Arthritis Care & Research. 2020;72(11):1602-1610.

Dimitriadis E, Menkhorst E, Saito S, Kutteh WH, Brosens JJ. Recurrent pregnancy loss. Nature Reviews Disease
Primers. 2020;6(1):98.

Bendix I, Miller SL, Winterhager E. Causes and consequences of intrauterine growth restriction. Frontiers in
Endocrinology. 2020;11:205.

Poon LC, Shennan A, Hyett JA, Kapur A, Hadar E, Divakar H, et al. Uterine artery Doppler ultrasonography for
first-trimester prediction of preeclampsia: Prospective longitudinal study. Diagnostics. 2020;10(9):428.

Sotiriadis A, Hernandez-Andrade E, da Silva Costa F, Ghi T, Glanc P, Khalil A, et al. ISUOG Practice
Guidelines: role of ultrasound in screening for and follow-up of pre-eclampsia. Ultrasound in Obstetrics &
Gynecology. 2019;53(1):7-22.

Tan MY, Wright D, Syngelaki A, Akolekar R, Cicero S, Janga D, et al. Comparison of diagnostic accuracy of
early screening for preeclampsia by NICE guidelines and a method combining maternal factors and biomarkers:
results of SPREE. Ultrasound in Obstetrics & Gynecology. 2018;51(6):743-750.

Malone SL, Haj Yahya R, Kane SC. Reviewing accuracy of first trimester screening for preeclampsia using
maternal factors and biomarkers. International Journal of Women's Health. 2022;1371—-1384.

Helou A, Walker S, Stewart K, George J. Management of pregnancies complicated by hypertensive disorders of
pregnancy: Could we do better? Australian and New Zealand Journal of Obstetrics and Gynaecology.
2017;57(3):253-259.

MacDonald TM, Walker SP, Hannan NJ, Tong S, Tu'uhevaha J. Clinical tools and biomarkers to predict
preeclampsia. EBioMedicine. 2022;75.

Bartsch E, Medcalf KE, Park AL, Ray JG. Clinical risk factors for pre-eclampsia determined in early pregnancy:
systematic review and meta-analysis of large cohort studies. BMJ. 2016;353.

Anderson CM, Schmella MJ. Preeclampsia. The American Journal of Nursing. 2017;117(11):30-38.

Gonzalez-Gonzalez NL, Gonzalez Dévila E, Padron E, Armas Gonzalez M, Plasencia W. Value of placental
volume and vascular flow indices as predictors of early and late preeclampsia at first trimester. Fetal Diagnosis
and Therapy. 2018;44(4):256-263.

3814



International Journal of Multiphysics
Volume 18, No. 3, 2024
ISSN: 1750-9548

37.

38.

39.

40.

41.

42.

43.

Frusca T, Dall'Asta A, Di Pasquo E. Uterine Doppler Velocimetry and Hypertensive Disease. In Doppler
Ultrasound in Obstetrics and Gynecology. 2023:327-335.

Wu P, Haththotuwa R, Kwok CS, Babu A, Babu A, Kotronias RA, Rushton C. Preeclampsia and future
cardiovascular health: a systematic review and meta-analysis. Circulation: Cardiovascular Quality and
Outcomes. 2017;10(2):e003497.

Reddy M, Wright L, Rolnik DL, Li W, Mol BW, La Gerche A, et al. Evaluation of cardiac function in women
with a history of preeclampsia: a systematic review and meta-analysis. Journal of the American Heart
Association. 2019;8(22):e013545.

Committee on Obstetric Practice, Society for Maternal-Fetal Medicine. ACOG Committee Opinion No. 743.
Low-Dose Aspirin Use during Pregnancy. Obstetrics & Gynecology. 2018;132(1):e44-52.

Khong SL, Kane SC, Brennecke SP, da Silva Costa F. First-trimester uterine artery Doppler analysis in the
prediction of later pregnancy complications. Disease Markers. 2015;2015:1-13.

Phipps EA, Thadhani R, Benzing T, Karumanchi SA. Pre-eclampsia: pathogenesis, novel diagnostics and
therapies. Nature Reviews Nephrology. 2019;15(5):275-289.

Yu N, Cui H, Chen X, Chang Y. First trimester maternal serum analytes and second trimester uterine artery
Doppler in the prediction of preeclampsia and fetal growth restriction. Taiwanese Journal of Obstetrics and
Gynecology. 2017;56(3):358-361.

3815



