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INTRODUCTION 

PE is a hypertensive disorder of pregnancy characterized 

by new-onset hypertension and proteinuria or end-organ 

dysfunction after 20 weeks of gestation. It remains one of 

the leading causes of maternal and perinatal morbidity and 

mortality worldwide, affecting approximately 2–8% of 

pregnancies.1 Hypertensive disorders in pregnancy 

account for an estimated 14% of all maternal deaths 

globally and Southeast Asia recorded the highest average 

regional prevalence, with 136.8 cases per 100,000 women 

of reproductive age.2,3 The mortality is even higher when 

the condition is of early onset and in low- and middle-

income countries (LMIC).4 In LMICs, hypertensive 

disorders in pregnancy are associated with 10-15% of 

direct maternal mortality.5 With respect to neonatal 

mortality, globally, 500,000 babies die each year as a result 

of this disorder among their mothers.6 Intrauterine growth 
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ABSTRACT 

Background: Pre-eclampsia (PE) and fetal growth restriction (FGR) are significant obstetric complications associated 

with impaired placental perfusion and adverse maternal and perinatal outcomes. Uterine artery pulsatility index (PI) and 

maternal mean arterial pressure (MAP) are established biophysical markers for predicting these conditions. However, 

longitudinal evaluation of these parameters in low-resource populations remains limited. This study aimed to assess 

gestational trends in uterine artery PI and MAP from 11–14 weeks to 34 weeks of gestation and their association with 

pregnancy outcomes. 

Methods: This prospective observational study was conducted over 18 months at a private medical college in Kerala, 

India. Pregnant women with singleton pregnancies at 11–14 weeks undergoing routine nuchal translucency scans were 

enrolled (n=128). Uterine artery Doppler and MAP were measured at 11–14, 20–24 and 30–34 weeks of gestation. PI 

was obtained using standard Doppler techniques and MAP was calculated from four arm measurements. Data were 

analyzed using paired-samples t tests, with p<0.05 considered statistically significant. 

Results: The mean uterine artery PI decreased progressively from 1.6±0.4 at 11–14 weeks to 1.1±0.4 at 20–24 weeks 

and further to 0.8±0.2 at 30–34 weeks (p<0.01). MAP remained relatively stable across gestation, within normal 

physiological ranges. The cohort was predominantly young (21–30 years, 60.9%) and primigravida (57.8%). 

Conclusions: Uterine artery PI shows a significant progressive decline with advancing gestation, reflecting normal 

uteroplacental adaptation, while MAP remains stable, indicating adequate cardiovascular adjustment. These findings 

support the utility of uterine artery Doppler and MAP monitoring in predicting adverse pregnancy outcomes and 

highlight the need for population-specific reference ranges. 
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restriction (IUGR), now referred to as FGR, another 

significant obstetric complication, results from impaired 

placental perfusion and fetal hypoxia, contributing to 

perinatal morbidity and long-term health consequences for 

the offspring.7 

Current guidelines advocate for a multimodal approach in 

PE screening, integrating biophysical (uterine artery PI, 

MAP) and biochemical markers (placental growth factor, 

pregnancy-associated plasma protein-A) to enhance 

predictive performance.8 The Fetal Medicine Foundation 

(FMF) has developed predictive models incorporating 

these parameters, demonstrating high detection rates for 

early-onset PE.9 Despite advancements, challenges remain 

in implementing universal screening strategies due to 

resource constraints, variability in doppler expertise and 

population-specific differences in predictive thresholds.  

While individual markers such as uterine artery PI and 

MAP have demonstrated predictive potential, their 

combined utility remains under explored in certain 

populations, particularly in low-resource settings. This 

study aims to address these gaps by evaluating uterine 

artery PI and MAP longitudinally from 11–14 weeks to 34 

weeks of gestation to evaluate the change in PI value and 

MAP during pregnancy and to find the association 

between the change in uterine artery PI value with MAP 

with the development of PE and IUGR during pregnancy. 

To evaluate the changes in uterine artery pulsatility index 

(PI) and maternal mean arterial pressure (MAP) during 

pregnancy.  

METHODS 

This hospital-based prospective observational study was 

conducted in the Department of Radiodiagnosis in 

collaboration with the Department of Obstetrics and 

Gynaecology, Private Medical College, Thrissur, Kerala, 

India, over a period of 18 months from January 1st, 2024- 

September 1st 2025. Pregnant women at 11–14 weeks of 

gestation attending for routine nuchal translucency (NT) 

scan were recruited consecutively after obtaining 

institutional ethics committee approval and written 

informed consent. Singleton pregnancies were included, 

while women with multiple gestation, known congenital or 

chromosomal abnormalities, chronic kidney disease, 

chronic hypertension or unwillingness for follow up were 

excluded. Based on prior data with 95% confidence level 

and 80% power, the minimum sample size was calculated 

as 100, accounting for 10% attrition, 110 participants were 

enrolled.10 

At baseline, demographic details, clinical history and 

physical measurements were recorded in a structured 

proforma. Antenatal ultrasound was performed using a 

3.5–5.0 MHz curvilinear transducer. Uterine artery 

Doppler waveforms were obtained with an insonation 

angle <30° and 2 mm sample volume and the pulsatility 

index (PI) was derived from the waveform using PSV, 

EDV and mean velocity. Maternal mean arterial pressure 

(MAP) was measured with an automated device in the 

sitting position after 5 minutes of rest, using appropriately 

sized cuffs based on mid-arm circumference. Two 

simultaneous BP recordings were taken in both arms and 

MAP was calculated as the average of four readings. Each 

participant was re-evaluated at 20–24 weeks and 30–34 

weeks for uterine artery PI and MAP. 

The study variables included maternal demographic and 

clinical factors, PI and MAP at the three gestational time 

points. Data were analyzed using SPSS version 26. 

Continuous variables were expressed as mean (SD) or 

median (IQR) and categorical variables as frequency and 

percentage. Changes in PI and MAP across gestation were 

assessed using paired-samples t test. A p value <0.05 was 

considered statistically significant.  

RESULTS 

A total of 128 individuals participated in the study. The 

majority of participants (60.9%) were between 21 and 30 

years of age, followed by 31.3% who were above 30 years 

and only 7.8% were 20 years or younger. With respect to 

parity, 57.8% were primigravida and 42.2% were 

multigravida, indicating that most participants were young 

women in their first pregnancy (Table 1). 

The mean uterine artery pulsatility index (PI) showed a 

progressive decline with advancing gestational age from 

1.6±0.4 at 11–14 weeks to 1.1±0.4 at 20–24 weeks and 

further to 0.8±0.2 at 30–34 weeks indicating a reduction in 

uterine vascular resistance as pregnancy advances. The 

observed change was statistically significant (p<0.01). The 

MAP showed minimal variation across trimesters, 

remaining within the normal physiological range (Table 

2). 

Table 1: Distribution of study participants according to age and parity (n=128). 

Variable Category Frequency (%) 

Age category (in years) 

≤20 10 (7.8) 

21–30 78 (60.9) 

>30 40 (31.3) 

Parity 
Primigravida 74 (57.8) 

Multigravida 54 (42.2) 
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Table 2: Comparison of uterine artery pulsatility index (PI) and mean arterial pressure (MAP) at different periods 

of gestation. 

Time of investigation Uterine PI Mean (SD) MAP in mmHg Mean (SD) P value 

11-14 weeks 1.6 (0.4) 81.6 (7.3) 

<0.01 20-24 weeks 1.1 (0.4) 79.5 (8.4) 

30-34 weeks 0.8 (0.2) 83.7 (7.1) 

DISCUSSION 

This study evaluated uterine artery pulsatility index and 

mean arterial pressure across different gestational ages in 

128 pregnant women, with the majority being young 

primigravidae. Findings demonstrate a significant 

progressive decline in uterine artery PI with advancing 

gestation and stability of MAP across trimesters, 

consistent with normal physiological adaptation of the 

uteroplacental circulation during pregnancy. 

The study demonstrated a progressive and statistically 

significant decline in mean uterine artery PI from 1.6±0.4 

at 11-14 weeks to 1.1±0.4 at 20-24 weeks and further to 

0.8±0.2 at 30-34 weeks (p<0.01). These findings align 

closely with multiple large-scale studies establishing 

reference ranges for uterine artery Doppler parameters. 

Gómez et al, published comprehensive reference ranges 

for uterine artery mean PI from 11-41 weeks of gestation 

in 620 singleton pregnancies, demonstrating a similar 

declining trend in PI values throughout pregnancy with 

gestational age-specific centiles that support our observed 

pattern.11 

More recently, Cavoretto et al provided updated reference 

ranges based on longitudinal serial Doppler measurements 

in a low-risk population from 10-39 weeks' gestation using 

multilevel modelling, confirming the expected 

physiological decline in uterine artery PI throughout 

pregnancy.12 Plasencia et al established reference ranges 

for uterine artery PI at 11-13 weeks' gestation, reporting 

values comparable to our first-trimester findings and 

emphasizing the reproducibility of these measurements.13 

The progressive decline in uterine artery PI observed in our 

study reflects the physiological process of trophoblastic 

invasion and remodelling of the spiral arteries during 

pregnancy, transforming high-resistance vessels into low-

resistance, high-flow channels. Tan et al demonstrated that 

uterine artery Doppler pulsatility index in first and second 

trimesters shows statistically significant differences 

between normal and adverse pregnancy outcomes, with 

sensitivity of 97% and specificity of 76.5% in first-

trimester screening, highlighting the clinical relevance of 

the declining PI pattern we observed.14 

The finding of minimal variation in MAP across 

trimesters, remaining within the normal physiological 

range, is consistent with established patterns of blood 

pressure changes during normal pregnancy. Wright et al 

conducted a comprehensive study examining MAP across 

three trimesters in a large cohort of pregnant women, 

demonstrating that in uncomplicated pregnancies, MAP 

shows relatively stable values throughout gestation with 

only modest changes related to maternal characteristics.8 

This stability in MAP during normal pregnancy results 

from a complex interplay of cardiovascular adaptations, 

where increased cardiac output and blood volume are 

balanced by decreased systemic vascular resistance due to 

hormonal influences and the creation of the low-resistance 

uteroplacental circulation. The combination of normal 

declining PI values and stable MAP in our study 

population suggests adequate uteroplacental perfusion and 

successful cardiovascular adaptation to pregnancy, 

consistent with the predominantly low-risk cohort of 

young primigravidas in our study. 

CONCLUSION 

The current study concludes that uterine artery pulsatility 

index demonstrates a significant progressive decline with 

advancing gestational age, from 1.6±0.4 at 11-14 weeks to 

0.8±0.2 at 30-34 weeks (p<0.01), reflecting normal 

physiological adaptation of uteroplacental circulation. 

Mean arterial pressure remained stable across trimesters, 

indicating appropriate cardiovascular adaptation in this 

predominantly young primigravida population. These 

findings are consistent with established literature and 

confirm the utility of uterine artery Doppler as a reliable 

marker of placental vascular development. Future research 

should focus on establishing population-specific reference 

ranges and correlating Doppler parameters with pregnancy 

outcomes to enhance the predictive value of these 

measurements for adverse obstetric complications. 
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