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Introduction
Preeclampsia is a hypertensive disorder that complicates 

approximately 5-8% of pregnancies and is associated with significant 
morbidity and mortality for both mothers and infants. The condition 
typically arises after the 20th week of gestation and is characterized 
by new-onset hypertension and proteinuria. Timely identification of 
women at risk allows for closer monitoring and early interventions, 
potentially mitigating severe complications [1].

Doppler ultrasound, particularly Doppler uterine artery imaging, is 
gaining recognition for its role in predicting preeclampsia. By assessing 
the blood flow in the uterine arteries, healthcare providers can obtain 
valuable information about vascular resistance and placental perfusion, 
which are critical factors in the development of preeclampsia [2]. This 
article examines the principles of Doppler ultrasound, its clinical 
applications in preeclampsia prediction, and future directions for 
research and practice.

Principles of Doppler Ultrasound
Basics of Doppler Imaging

Doppler ultrasound is a non-invasive imaging technique that uses 
sound waves to assess blood flow in vessels. The Doppler Effect occurs 
when sound waves reflect off moving objects, such as red blood cells. 
By measuring the frequency change of the reflected sound waves, 
clinicians can determine the velocity and direction of blood flow.

Uterine Artery Assessment

Doppler imaging of the uterine arteries is performed typically 
during the second trimester, around 20-24 weeks of gestation. The 
assessment focuses on two main parameters

Pulsatility Index (PI): The PI is a ratio derived from the peak 
systolic velocity and the end-diastolic velocity of blood flow in the 
uterine arteries. A higher PI indicates increased vascular resistance, 
which may be associated with placental insufficiency and an elevated 
risk of preeclampsia [3].

Resistance Index (RI): The RI is calculated using the formula: 
RI = (Peak Systolic Velocity - End-Diastolic Velocity) / Peak Systolic 
Velocity. Like the PI, a higher RI suggests increased vascular resistance 
in the uterine arteries [4].

Clinical Applications
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Prediction of Preeclampsia

Several studies have demonstrated the utility of Doppler uterine 
artery imaging in predicting preeclampsia:

Increased Risk Indicators: Elevated PI and RI values in the second 
trimester are associated with a higher risk of developing preeclampsia. 
A meta-analysis has shown that abnormal Doppler findings can predict 
preeclampsia with a sensitivity of 60-80% and specificity of 80-90%.

Identification of High-Risk Patients: Doppler imaging can help 
identify women at high risk for preeclampsia, such as those with a 
history of hypertensive disorders in previous pregnancies, chronic 
hypertension, or pre-existing vascular diseases. This identification 
allows for targeted monitoring and intervention strategies [5].

Monitoring and Management

Doppler ultrasound not only aids in prediction but also serves as a 
monitoring tool for pregnancies at risk of preeclampsia [6].

Serial Assessments: In high-risk pregnancies, serial Doppler 
assessments can be performed to monitor changes in uterine artery 
blood flow. A significant increase in PI or RI values over time may 
indicate deteriorating placental perfusion and necessitate closer 
monitoring or intervention.

Guiding Clinical Decisions: Abnormal Doppler findings can 
inform clinical management decisions, such as the timing of delivery. 
In cases where significant placental insufficiency is detected, early 
delivery may be indicated to prevent maternal and fetal complications.

Research and Advancements

Ongoing research is focused on enhancing the predictive 
capabilities of Doppler uterine artery imaging:

Integration with Biomarkers: Combining Doppler imaging 
results with biomarkers, such as angiogenic factors (e.g., sFlt-1 
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and PlGF), may improve the accuracy of preeclampsia prediction. 
Research suggests that a multimodal approach can provide a more 
comprehensive assessment of risk [7].

Machine Learning and AI: The use of machine learning algorithms 
to analyze Doppler ultrasound data is an emerging field. AI can help 
identify patterns in blood flow characteristics that may not be apparent 
to human observers, potentially enhancing predictive accuracy.
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