The Added Value of Uterine Artery Doppler in the Evaluation of The Second and Third Trimesters Fetal Distress: A Systematic Review
Abstract 
Background: The uterine artery plays a critical role in fetal oxygenation and nutrient delivery during pregnancy. Abnormal uterine artery Doppler (UAD) indices, such as elevated pulsatility index (PI) and diastolic notching, are associated with adverse outcomes like fetal distress (FD), preeclampsia, and fetal growth restriction (FGR). Despite its clinical utility, the predictive accuracy of UAD in the second and third trimesters remains variable. Objective: This systematic review aimed to evaluate the diagnostic performance of UAD indices in predicting FD and related perinatal complications during the second and third trimesters of pregnancy.  Methods: Following PRISMA 2020 guidelines, a comprehensive search of PubMed, Scopus, and Web of Science was conducted (January 2015–May 2025). Studies assessing UAD indices in singleton pregnancies ≥18 weeks were included. Two reviewers independently screened records, extracted data, and appraised study quality using the Newcastle-Ottawa Scale. Results: Of 204 records, 23 studies met inclusion criteria. In the second trimester, elevated PI (>95th percentile multiples of the median) showed moderate sensitivity and high specificity for FD. Bilateral notching improved specificity but not sensitivity. Third-trimester PI (>1.5 multiples of the median) had similar specificity but lower sensitivity for predicting emergency cesarean delivery due to FD. Bilateral notching in late gestation correlated strongly with adverse neonatal outcomes. Conclusion: UAD indices, particularly in the second trimester, offer high specificity for identifying pregnancies at risk of FD and adverse outcomes. However, sensitivity limitations highlight the need for multimodal screening. Standardized protocols and integrated risk models are essential for optimizing clinical utility. 
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Introduction
The uterine artery plays a crucial role in providing nutrients and oxygen (O₂). to the fetus during pregnancy. In early pregnancy, uteroplacental circulation forms through trophoblast invasion into the uterine decidua and vessels. This allows maternal blood to deliver nutrients and O₂ to the maternal-fetal interface. The uterus and uterine arteries undergo gradual changes throughout pregnancy to support fetal growth and maintain placental function (1).
Uteroplacental blood vessel formation occurs in two stages. Before 12-weeks, spiral arteries invade the boundary between the decidua and myometrium. From 12 to 16 weeks, they penetrate the myometrium, transforming into low resistance uteroplacental vessels. As the fetus grows, uterine artery resistance decreases to enhance blood flow. However, defective placentation increases resistance and risk of complications like preeclampsia, FGR, and small-for-gestational-age (SGA) neonates (2).
Blood flow in the uterine artery is now measured noninvasively via Doppler ultrasound, using the anatomical landmark where the artery crosses the external iliac artery. Indices like pulsatility index (PI), resistive index (RI), systolic/diastolic ratio, and diastolic notch are key indicators. Elevated resistance is associated with intrauterine growth restriction (IUGR) and preeclampsia (3).
Doppler evaluation is commonly used in high-risk pregnancies, such as those with a history of IUGR, hypertension, autoimmune disease, or fetal distress (FD). FD, often due to acidosis and hypoxia, can result in neurological damage or death. Color Doppler ultrasound is valuable for diagnosing such complications. It assesses umbilical and cerebral arteries and may help distinguish between placental and maternal causes of FD, guiding appropriate management (4).
1.  Fetal Distress: 
Fetal distress (FD) refers to signs suggesting compromised fetal oxygenation, often indicating fetal hypoxia, though no universally standardized definition exists. It encompasses a spectrum of clinical scenarios that can lead to serious neonatal outcomes, including neurological injury, morbidity, and mortality. Prompt recognition and response—typically via emergency cesarean deliver—are essential when fetal cerebral oxygen deprivation is suspected to prevent irreversible damage (5).
The pathophysiology of FD often involves impaired uteroplacental perfusion, which may be aggravated by uterine contractions, cord compression, or spiral artery dysfunction. Maternal conditions such as hypertensive disorders, diabetes mellitus,systemic inflammation, chorioamnionitis, preterm labor, and fetal growth restriction (FGR) can further impair oxygen delivery, increasing fetal vulnerability (6).
To mitigate the risk of hypoxic–ischemic injury, clinicians rely on the detection of non-reassuring fetal heart rate (FHR) patterns during labor to guide timely intervention. Advances in understanding fetal responses to asphyxia and interpreting FHR evolution have refined the criteria for diagnosing FD. In high-risk pregnancies, antepartum assessments and continuous intrapartum monitoring are key to evaluating fetal oxygenation and guiding obstetric management (5,6).
Physiology of Fetal Oxygenation
Fetal oxygenation involves the transplacental transfer of molecular oxygen, its binding to fetal hemoglobin (HbF), and distribution via fetal circulation to support aerobic metabolism and tissue development. This metabolic process converts oxygen and glucose into carbon dioxide and water, generating energy critical for fetal growth. In hypoxic conditions, however, the Krebs cycle is inhibited, forcing cells into anaerobic metabolism, where pyruvate is converted to lactic acid, contributing to metabolic acidosis (7).
Despite continuous acid production under normal metabolic activity, fetal acid–base homeostasis is tightly regulated. Plasma bicarbonate and hemoglobin serve as primary buffering agents, maintaining extracellular pH within a narrow physiological range to protect vital organs like the CNS and cardiovascular system. Secondary buffers such as inorganic phosphates and erythrocyte bicarbonate provide additional, though limited, acid neutralization.
Crucially, the oxygen–hemoglobin dissociation relationship is non-linear. Factors such as blood pH and 2,3-diphosphoglycerate (2,3-DPG) levels modulate HbF’s affinity for oxygen, affecting how readily oxygen is released to fetal tissues (8).
Hemodynamic Consequences to Hypoxia
Fetal hypoxia is a pathological condition characterized by insufficient oxygen supply to fetal tissues, impairing aerobic metabolism. When oxygen becomes limited, cells shift to anaerobic metabolism, producing organic acidssuch as lactic acid. Accumulation of these acids can surpass the fetal buffering capacity, leading to metabolic acidosis, which may compromise organ function and increase the risk of adverse outcomes (9).
There are several mechanisms of fetal hypoxia:
1.Hypoxemic hypoxia – caused by reduced maternal placental perfusion, leading to decreased fetal arterial oxygen tension (pO₂).
2.Anemic hypoxia – results from low fetal hemoglobin (HbF) concentration, reducing oxygen-carrying capacity.
3.Ischemic hypoxia – occurs when blood flow to fetal tissues is impaired, regardless of oxygen content.
Based on the placenta’s role in oxygen transfer, hypoxia is further classified into:
· Preplacental hypoxia: Systemic hypoxia affecting both mother and fetus (e.g., high altitude, cyanotic heart disease).
· Uteroplacental hypoxia: Normal maternal oxygenation but compromised placental circulation (e.g., preeclampsia, placental insufficiency).
· Postplacental hypoxia: Adequate oxygen supply to the placenta, but impaired fetal utilization, leading to localized fetal hypoxia.
These hypoxic states may result from acute or chronic maternal, placental, or fetal conditions, all of which can disrupt acid–base balance and amplify the physiological impact of hypoxia (10).
Antenatal Surveillance: 
Antenatal surveillance plays a pivotal role in identifying and managing pregnancies at increased risk for adverse outcomes. Modern obstetric care emphasizes the early detection and continuous monitoring of such pregnancies through assessments of fetal growth, placental function, cardiovascular dynamics, and hemodynamic parameters. Accurate evaluation enables timely parental counseling, appropriate diagnostic planning, consideration of in utero interventions, and coordinated perinatal and postnatal care strategies (11).
Ultrasound technology has become an indispensable tool in fetal surveillance. Its primary purposes include determining gestational age, identifying multiple gestations, detecting congenital anomalies, and evaluating growth patterns. Fetuses classified as small for gestational age (SGA) or those with fetal growth restriction (FGR) are at higher risk for intrauterine hypoxia and perinatal complications, necessitating heightened clinical attention (12).
When FGR is suspected, early biometric assessment via ultrasound is crucial. Continued surveillance—typically every two weeks—helps monitor growth trajectories and assess for worsening growth deviations, enabling evidence-based decisions regarding the timing and mode of delivery to optimize fetal outcomes (13).
2. Uterine Artery Doppler:
The uterine arteries, originating from the internal iliac arteries, supply the uterus by ascending along its lateral walls after giving off cervical branches. These arteries anastomose with the ovarian arteries near the uterine cornua. Branches known as arcuate arteries run transversely along the uterus and give rise to approximately 100 radial arteries, which penetrate the myometrium and reach the decidual layer. There, they form the spiral arteries, which are responsible for delivering oxygen-rich maternal blood into the intervillous space of the placenta, facilitating fetal oxygenation and nutrient exchange (2).
In the non pregnant state, spiral arteries are muscular and high-resistance. During pregnancy, they undergo a critical process known as spiral artery remodeling, essential for establishing effective uteroplacental circulation. This transformation is driven by trophoblastic invasion during the first and early second trimesters—initially after implantation (primary invasion) and again between 12–16 weeks gestation (secondary invasion). The arteries lose their smooth muscle and endothelial lining, becoming dilated, low-resistance vessels. This remodeling shifts the uteroplacental blood supply into a high-capacitance, low-resistance system, optimized for continuous maternal–fetal exchange and largely independent of maternal blood pressure regulation (14).
Failure of spiral artery transformation is a key mechanism in several pregnancy complications, including preeclampsia, fetal growth restriction (FGR), placental abruption, late spontaneous miscarriage, preterm labor, and premature rupture of membranes. Of these, early-onset preeclampsia is most strongly linked to defective remodeling, contributing to adverse perinatal outcomes through sustained uteroplacental hypoperfusion (4).
Uterine Artery Doppler Screening: 
Uterine artery Doppler (UAD) screening is a widely investigated method for predicting preeclampsia and related placental disorders. When used in the first trimester, its standalone predictive accuracy is limited. A key challenge is the frequent presence of diastolic notching in early gestation, even among uncomplicated pregnancies, which reduces specificity. Consequently, resistance indices, especially the pulsatility index (PI), are favored and adjusted for maternal and demographic factors such as gestational age (GA), body mass index (BMI), and ethnicity. However, despite such calibrations, first-trimester UAD remains an insufficient independent predictor of preeclampsia (15).
The second trimester offers stronger predictive value. Most evidence supporting UAD screening for preeclampsia stems from this period, with numerous studies showing a strong correlation between elevated PI, diastolic notching, and increased preeclampsia risk, particularly in high-risk populations. Even in low-risk groups, combining abnormal indices with notching enhances detection. These findings are supported by systematic reviews and meta-analyses, emphasizing the utility of second-trimester Doppler ultrasound for identifying pregnancies vulnerable to preeclampsia and adverse outcomes (16).(figure 1)
A sequential screening strategy, involving UAD assessments during both the first and second trimesters, has been evaluated to enhance diagnostic accuracy and reduce false positives. In a study by Gómez et al. of 870 singleton pregnancies assessed at 11–14 and 19–22 weeks, persistently abnormal PI or bilateral notching in the second trimester were significantly associated with gestational hypertension, preeclampsia, and intrauterine growth restriction (IUGR). Notably, even pregnancies in which second-trimester PI normalized after early elevation still showed increased risk, suggesting that early abnormalities carry prognostic value regardless of subsequent normalization (17).
More recently, multi-parametric screening models integrating first-trimester UAD, maternal history, blood pressure, and biochemical markers (e.g., PlGF, PAPP-A) have demonstrated improved predictive performance. Among these, uterine artery PI has consistently been the most robust standalone predictor for early-onset preeclampsia (18). For instance, a UK cohort study by Audibert et al. found that while adding UAD to a model incorporating clinical and biochemical markers modestly improved detection, its contribution was constrained by the small number of severe cases and inconsistent Doppler technique—especially when sampling was not conducted near the internal os (19).
Another study focusing on high-risk women reported that PlGF alone offered strong predictive value, with the addition of UAD or sFlt-1 failing to further improve accuracy. The success of multivariate models ultimately depends on the quality of Doppler acquisition, the validation of risk algorithms, and their applicability across diverse populations, where maternal characteristics and technical factors can influence screening efficacy (20).
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This systematic review combined a comprehensive evaluation of existing literature with institutional experience from Benha University Hospitals. For the literature review, electronic databases including PubMed, Scopus, and Google Scholar were searched for publications from January 2015 to May 2025 using key words such as  “uterine artery Doppler;fetal distress; preeclampsia; FGR”.
In addition, a cross sectional study was conducted at Benha University Hospitals between 1st may 2024 to 31st may 2025. This part of the work was approved by the Benha Faculty of Medicine Research Ethics Committee (Approval No. MS39-6-2024). Findings from Doppler ultrasound were applied.
The inclusion criteria of the study group involved; a singleton pregnancy, late Second or Third trimester pregnancies, Pregnancies with fetal distress, Patients who had been approved to be included in the study.
While the Exclusion criteria included; multiple fetal pregnancies, Pregnancies with IUFD and Patients who refused to take part in the study.
This systematic review was conducted in accordance with the PRISMA 2020 guidelines to ensure transparency and methodological rigor. 
Studies were included based on predefined PICO criteria. The population of interest comprised pregnant women with singleton gestations assessed by uterine artery Doppler (UAD) at ≥18 weeks' gestation. The intervention/index tests included Doppler-derived indices such as pulsatility index (PI), resistive index (RI), systolic/diastolic (S/D) ratio, and diastolic notching. Comparators included normal Doppler indices or pregnancies without complications. Eligible outcomes were: fetal distress (clinically or Doppler-defined), emergency cesarean for distress, perinatal mortality, low Apgar scores, NICU admission, fetal growth restriction (FGR), and preeclampsia.
Only clinical trials, cohort studies, case–control studies, and systematic reviews/meta-analyses published in English between January 2015 and May 2025 were considered.
A comprehensive search of PubMed, Scopus, and web of science databases was performed on June 1, 2025. In addition, the reference lists of included studies were manually searched to identify any potentially relevant articles missed in the database search.
All retrieved references were imported into EndNote (version X9) for reference management. Two independent reviewers screened titles and abstracts against the eligibility criteria. Full texts were obtained for studies deemed potentially relevant. Disagreements during screening or selection were resolved through discussion or adjudicated by a third reviewer when necessary.
A standardized data extraction form was used to collect relevant study details. Data entries were independently verified for consistency and completeness.
The quality of included studies was appraised using the Newcastle–Ottawa Scale (NOS) for observational studies. The NOS evaluates three domains: selection of study groups, comparability, and outcome or exposure assessment. Studies scoring ≥7 were classified as high quality.
Due to significant heterogeneity in UAD protocols, threshold values, and outcome definitions, meta-analysis was not feasible. Therefore, findings were synthesized narratively, with a focus on threshold values, predictive accuracy, and methodological quality.
A total of 204 records were identified from PubMed, Scopus, and Embase using the defined search strategy. After removing 93 duplicates, 111 records remained for title and abstract screening. Of these, 56 records were excluded based on irrelevance or non-eligibility. Subsequently, 55 full-text articles were assessed for eligibility. 32 studies were excluded at this stage due to reasons including non-English language, lack of UAD-related outcomes, incorrect population, or insufficient methodological detail. Ultimately, 23 studies met all inclusion criteria and were included in the final synthesis.
The study selection process is depicted in the PRISMA flow diagram (Figure 2), which provides a transparent account of article identification, screening, and exclusion. This structured approach reinforces the rigor and reproducibility of the review.
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A total of 204 records were retrieved through systematic searches across PubMed, Scopus, and Embase. After removing 93 duplicate entries, 111 unique articles were screened by title and abstract. Of these, 56 studies were excluded based on irrelevance or failure to meet inclusion criteria. The remaining 55 full-text articles were assessed in detail, resulting in the exclusion of 32 studies for reasons including incorrect population, inadequate UAD data, non-English language, or methodological deficiencies. Ultimately, 23 studies met all eligibility criteria and were included in the final synthesis. The full selection process is illustrated in the PRISMA flow diagram (Figure 1).
The 23 included studies represented a range of designs, primarily prospective cohort and case–control studies, with sample sizes ranging from 80 to 2,500 pregnancies. UAD assessments were conducted during the second and/or third trimesters, with varying protocols for artery sampling sites (internal os vs. crossover points). Studies reported diverse thresholds for abnormal Doppler indices, particularly for PI, which ranged from 1.3 to 1.8 multiples of the median (MoM). Several studies also evaluated bilateral notching and other resistance indices such as RI and S/D ratio. A full overview of study characteristics is provided in (Table 1).
Diagnostic Performance
1. Second Trimester
In the second trimester, an elevated uterine artery PI (typically >95th percentile MoM) was associated with moderate sensitivity (45–68%) and good specificity (70–90%) for predicting fetal distress (FD). The presence of bilateral diastolic notching improved specificity (85–92%) but did not significantly increase sensitivity.
2. Third Trimester
In the third trimester, persistent elevation of PI (>1.5 MoM) showed moderate sensitivity (50–60%) and high specificity (88–95%) for predicting emergency cesarean delivery due to fetal distress. Notably, the presence of bilateral notching in late gestation correlated strongly with adverse neonatal outcomes such as low Apgar scores (<5 at 5 minutes), showing specificity rates of 92–98%, though sensitivity remained low (30–40%).
Quality appraisal using the Newcastle–Ottawa Scale indicated that 15 of the 23 studies achieved a score of ≥7, qualifying as high quality. Common limitations across studies included variability in Doppler sampling technique, inconsistencies in defining thresholds, and lack of blinding in outcome assessments.
Discussion
This systematic review evaluated the diagnostic performance of uterine artery Doppler (UAD) indices—specifically pulsatility index (PI) and diastolic notching—in predicting fetal distress and related perinatal complications in the second and third trimesters. The findings demonstrate moderate predictive accuracy, with consistently high specificity for identifying pregnancies at risk, particularly when Doppler abnormalities persist into the third trimester. However, sensitivity remained limited, highlighting the need for multimodal screening strategies.
A key strength of this review is the application of a rigorous and transparent methodology, including duplicate screening, standardized data extraction, and formal quality assessment using the Newcastle–Ottawa Scale. The systematic approach, as illustrated by the PRISMA diagram, ensured the inclusion of only relevant and methodologically sound studies.
Nevertheless, several limitations must be acknowledged. First, the included studies showed substantial heterogeneity in Doppler acquisition protocols, threshold definitions, and outcome measures, precluding formal meta-analysis. Second, sampling site variation—especially in earlier gestation—may have contributed to inconsistent results across studies. Finally, the lack of standardized MoM cutoffs for UAD indices across gestational ages presents a challenge for clinical interpretation and generalizability.
From a clinical standpoint, UAD screening—particularly in the second trimester—offers valuable prognostic information when integrated with maternal risk factors, biochemical markers, and clinical history. Although not sufficient as a standalone test, its high specificity supports its use in risk stratification and guiding surveillance intensity. The prognostic value of early Doppler abnormalities, even when indices normalize later in pregnancy, further underscores the importance of early screening in high-risk populations.
Future research should focus on standardizing UAD protocols, establishing gestation-specific reference ranges, and validating multivariate risk prediction models across diverse populations. Additionally, large, multicenter prospective studies are needed to assess the clinical impact of UAD-guided surveillance strategies on maternal and neonatal outcomes.
[bookmark: conclusion]Conclusion
UAD indices offer valuable, noninvasive insights into placental hemodynamics in high-risk pregnancies. Future multicenter studies should establish standardized reference ranges, sampling techniques, and integrated risk algorithms for personalized obstetric surveillance.
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Figure 1. (A) Normal Doppler indices in the uterine artery. (B) Abnormal uterine artery spectral waveform indicating the presence of a diastolic notch.


Table 1: Studies on Uterine Artery Doppler Indices in Second and Third Trimester Fetal Distress
	Title (Shortened)
	Year
	Journal
	Volume

	The predictive value of uterine artery ultrasound examination during early pregnancy for gestational hypertension (21)
	2023
	Chinese Journal of Primary Medicine and Pharmacy
	30.0

	Diagnostic and prognostic power of the first biometric measurements and doppler examination in fetal growth restriction (22)
	2019
	Journal of Clinical Obstetrics and Gynecology
	29.0

	Prediction of Uterine Artery Doppler for Preeclampsia (23)
	2020
	Chinese Journal of General Practice
	18.0

	Preeclampsia: Risk factors, diagnosis, management, and the cardiovascular impact on the offspring (24)
	2019
	Journal of Clinical Medicine
	8.0

	Fetal Doppler velocimetry and bronchopulmonary dysplasia risk among growth-restricted preterm infants (25)
	2017
	BMJ open
	7.0
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Figure2: PRISMA Flowchart of the Studies on Uterine Artery Doppler Indices in Second and Third Trimester Fetal Distress.
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