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Abstract

Background: Preeclampsia is a significant contributor to maternal and perinatal morbidity and mortality. Early
identification of women at risk is crucial for improving outcomes. This study evaluates the utility of Uterine
Artery Doppler screening in predicting preeclampsia during the first trimester.

Methods: A prospective cohort study was conducted involving 219 women attending the antenatal outpatient
department of Velammal Medical College Hospital and Research Institute between 11+0 weeks and 13+6 weeks
of gestation. Uterine artery Doppler velocimetry was performed to measure the pulsatality index (PI), and
patients were followed until delivery to assess the development of preeclampsia and gestational hypertension.
Results: Among participants, 25% exhibited abnormal Uterine Artery Doppler findings, with a significant
association between high PI (>2.3) and the development of gestational hypertension and preeclampsia. The
sensitivity and specificity of uterine artery PI as a predictor was 68% and 52.99% respectively. Early screening
combined with interventions may reduce morbidity and mortality associated with hypertensive disorders.
Conclusion: This study assesses the effectiveness of first-trimester Uterine Artery Doppler assessments in
predicting preeclampsia with PI of > 2.3. Usage of such screening could enhance risk stratification, facilitate
timely interventions, and ultimately improve maternal and fetal health outcomes. Further research is required to
refine screening protocols and improve predictive accuracy across various populations.
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Introduction

Preeclampsia remains one of the leading causes of
maternal morbidity and mortality worldwide. It is
characterized by new-onset hypertension with
proteinuria or evidence of multiorgan involvement
occurring after 20 weeks of gestation. [1,2]
Hypertensive disorders of pregnancy which include
gestational hypertension, preeclampsia, chronic
hypertension, and eclampsia complicate up to 10%
of pregnancies, with preeclampsia, either alone or
superimposed on chronic hypertension,
representing the most severe form. [3,4]

Given its unpredictable nature and potential for
rapid deterioration, considerable research has
focused on identifying women at high risk for
preeclampsia, with increasing emphasis on first-
trimester screening as the optimal window for
prediction.(5) Among the various predictive
strategies, the Uterine Artery Doppler waveform
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has emerged as one of the most extensively studied
tools for early identification of placental
insufficiency. Uterine artery Doppler is simple,
non-invasive, reproducible, and has shown promise
in predicting complications such as gestational
hypertension, preeclampsia, and fetal growth
restriction. [6,7,8] Despite these advantages,
accurate prediction during early gestation remains
challenging.

Gestational hypertension, defined as blood pressure
>140/90 mmHg arising after mid-pregnancy
without proteinuria, is another important clinical
concern. [1] Approximately half of these women
later progress to preeclampsia. [9] Preeclampsia
itself is recognized as a multisystem pregnancy-
specific syndrome that can affect virtually every
organ. Normally, during early pregnancy,
trophoblastic invasion and remodeling of maternal
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uterine vessels reduce uterine vascular resistance.
[10,11] Failure of this physiological process leads
to inadequate uteroplacental perfusion, a central
contributor to maternal and fetal complications.
Several approaches have been explored to predict,
prevent, or attenuate the severity of preeclampsia,
including Gestosis scoring system, biochemical
markers, assessment of clinical risk factors, and
Doppler velocimetry of the uterine arteries during
early and mid-pregnancy. [3,5] Although many
women with elevated blood pressure ultimately
achieve safe deliveries with favorable neonatal
outcomes, others experience severe disease
progression, often with complications arising after
28 weeks gestation. [3,4] Without meticulous
antenatal surveillance, early signs of preeclampsia
can be missed, emphasizing the importance of
timely detection.

Among the available screening methods, Uterine
Artery Doppler has gained increasing attention as
an early marker of abnormal placentation. [6]
Abnormal first-trimester Doppler waveforms
particularly elevated resistance indices may reflect
impaired vascular remodeling and endothelial
dysfunction, thereby identifying women at risk for
future preeclampsia. [12] While numerous studies
have evaluated Doppler findings in both the first
and second trimesters, the predictive value of first-
trimester abnormalities alone remains an area of
ongoing investigation.

The present study focuses exclusively on first-
trimester Uterine Artery Doppler waveform
abnormalities and evaluates their ability to predict
the subsequent development of preeclampsia. By
examining Doppler changes at the earliest feasible
gestational stage, this study aims to contribute to
the evolving evidence on early, non-invasive
prediction of preeclampsia.

Material and Methodology

This prospective cohort study was conducted in the
Department of Obstetrics and Gynecology over a
one-year period. A total of 219 pregnant women
attending the outpatient clinic between 11+0 and
13+6 weeks of gestation were recruited using
convenience sampling. The sample size was
calculated using standard  proportion-based
methods at a 95% confidence interval and 3%
margin of error, and after adjusting for a 25%
attrition rate, the final required sample size was
219.
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Eligible participants included antenatal women
with singleton pregnancies within 11+0 to 13+6
weeks of gestation who had no history of cardiac,
hepatic, or renal disease and no prior hypertension.
Women with gestational age below 11 weeks or
above 14 weeks, those with underlying cardiac,
hepatic, or renal disorders, multiple pregnancies,
fetal anomalies, pregnancies ending before 28
weeks, or those on medication for chronic
hypertension were excluded from the study.

All enrolled women underwent first-trimester
ultrasonography for  nuchal translucency
measurement, during which Uterine Artery Doppler
velocimetry was also performed. Uterine artery
flow waveforms and pulsatility index (PI) values
were recorded. An abnormal Doppler result was
defined as bilateral uterine artery notching and/or a
mean PI greater than 2.35. Participants with
abnormal Doppler findings were followed until
delivery to observe the development of gestational
hypertension or preeclampsia. Blood pressure
parameters, mean arterial pressure, ultrasound
findings, timing of delivery, and other
complications related to hypertensive disorders of
pregnancy were monitored and documented.
Neonatal outcomes were also recorded. Data were
entered into a master spreadsheet and categorized
based on normal or elevated uterine artery PI
values. Statistical analysis was performed to
determine the predictive value of first-trimester
uterine artery Doppler in identifying women at risk
of developing preeclampsia or gestational
hypertension later in pregnancy. All women with a
PI value greater than 2.3 were followed closely
through the second and third trimesters for the
occurrence of hypertensive disease. The study
adhered to ethical standards, and all procedures
were conducted in accordance with institutional
and national guidelines for research involving
human participants.

Results

A total of 219 pregnant women between 11 and
13+6 weeks of gestation were included in the
study. The demographic distribution showed that
the largest proportion of participants were between
21-25 years (42.8%), followed by 26-30 years
(36.8%), while only 6.8% were below 20 years and
0.8% were above 36 years. Most women were
primigravidae (85.6%), whereas multigravidae
accounted for 28.4%. (Figure 1)
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Figure 1: Demographics of included patients

With respect to method of conception, the majority
conceived spontaneously (88.4%), and only 11.6%
required ovulation-inducing drugs.

Blood Pressure Risk and Development of
Gestational Hypertension: Risk stratification

based on early pregnancy blood pressure profiles
indicated that 78% of the participants belonged to
the low-risk category, 15.6% were moderate-risk,
and 6.4% were high-risk. (Table 1)

Table 1: Risk Stratification

Risk stratification Frequency Percentage (%)
low-risk 195 78
moderate-risk 39 15.6

high-risk 16 6.4

By the end of 28 weeks gestation, 93.6% of the cohort remained normotensive, whereas 6.4% developed
gestational hypertension. All women in the study received prophylactic low-dose aspirin (Ecospirin) as per

institutional protocol. (Figure 2)

250 234
GHTN after 28 wks
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Figure 2: Gestational hypertension after 28 weeks
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Association between Uterine Artery PI and
Maternal Factors: A significant association was
observed between uterine artery pulsatility index
(PI) and maternal age. Women aged below 20 years
demonstrated uniformly lower PI values (<2.3),
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while those aged 26-35 years showed a higher
prevalence of elevated PI values (>2.3) (p < 0.005).
Similarly, primigravidae exhibited significantly
lower PI values compared with multigravidae (p <
0.005). (Table 2)

Table 2: Association of Uterine PI with risk factors

Uterine PI with age
>2.3 <23 P Value

Below 20 0 17
21-25 12 95
26-30 12 80 <0.005
31-35 4 28
36-40 0 2
Uterine PI and parity

Yes No <0.005
>2.3 4 20
<23 32 194
Uterine PI with gestational hypertension
>2.3 16 8 | <0.005
<23 0 226
Uterine PI with Preeclampsia
>2.3 8 16 | <0.005
<23 0 226
Uterine PI with delivery

Emergency 34 weeks Emergency 36 weeks | LSCS NVD | <0.005
>2.3 5 3 8 8

Elevated uterine PI (>2.3) showed a strong and
statistically significant correlation with adverse
maternal outcomes. All women who developed
gestational hypertension (n = 16) and all who
developed preeclampsia (n = 8) had PI values
above 2.3 (p < 0.005). In contrast, none of the
women with normal PI (<2.3) progressed to either
condition.

Pregnancy and Delivery Outcomes: Higher
uterine PI values were also associated with a
greater likelihood of emergency deliveries. Among
women with PI >2.3, emergency deliveries were
noted at 34 weeks and 36 weeks, and a higher

frequency of cesarean deliveries was recorded
compared to those with normal PI values (p <
0.005). Women with normal PI (<2.3)
predominantly delivered at term and experienced
uncomplicated vaginal deliveries.

Neonatal QOutcomes: Neonatal outcomes were
specifically assessed among mothers diagnosed
with preeclampsia (n = 8). There were no fetal
deaths, but two newborns were diagnosed with
intrauterine growth restriction (IUGR).

None of the neonates required ICU admission,
although six mothers required clinical management
for complications related to preeclampsia. (Table 3)

Table 3: Neonatal outcomes for mothers with Preeclampsia (n=8)

Fetal death 0
Intrauterine Growth Restriction JUGR) 2
ICU stay 0
Mother side 6
Discussion Uterine Artery Doppler assessment as a predictive

Preeclampsia remains a major cause of maternal
and fetal morbidity, and its early detection is
crucial for preventing severe complications. [10]
Identifying high-risk women allows for intensified
surveillance and timely intervention, ultimately
improving pregnancy outcomes. [11] The present
study highlights the usefulness of first-trimester
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tool for hypertensive disorders of pregnancy.

In our study, 75% of women demonstrated normal
first-trimester uterine artery pulsatility index (PI)
values, while 25% exhibited abnormal Doppler
findings. Among those with abnormal PI values,
40% developed complications associated with
hypertensive  disorders, including gestational
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hypertension  (13.2%), pulmonary embolism
(10.29%), eclampsia (1.47%), oligohydramnios
(22.05%), fetal growth restriction (42.64%),
placental abruption (4.41%), and stillbirth (5.88%).
[11] These results are consistent with previous
research demonstrating the significant risks
associated with abnormal uteroplacental perfusion
and underscore the need for close monitoring of
such pregnancies.

The particularly high rate of fetal growth restriction
(42.64%) in our cohort is concerning, given its
long-term implications for neonatal health. Doppler
ultrasound plays a central role in evaluating
placental vascular function, and our study
reinforces its relevance. We observed that a PI
value greater than 2.3 was significantly associated
with the development of gestational hypertension,
and half of these women progressed to
preeclampsia. This association is supported by
findings from Satish et al. (mean PI 2.34), Gomez
et al. (2.04), and Narang et al. (1.94), strengthening
the evidence that abnormal first-trimester PI is
linked to adverse pregnancy outcomes. [13]

However, the predictive accuracy of uterine artery
PI varies across populations, indicating that
Doppler indices may be influenced by
demographic, physiological, or methodological
factors. Our findings support the use of a first-
trimester PI cutoff of 2.3 for predicting gestational
hypertension and preeclampsia, which aligns with
earlier studies such as Staboulidou et al., who
reported a cutoff of 1.52, and Narang et al., who
documented a sensitivity of 75.9% and specificity
0f 79.6%.

The predictive values in our study correspond with
those reported by Singh et al., who found a similar
negative predictive value of 97.33%, although their
positive predictive value (92%) was significantly
higher. [14] Variations in sample characteristics,
inclusion criteria, and Doppler methodology may
explain these differences and highlight the
importance of population-specific thresholds.

Further supporting evidence comes from a meta-
analysis by Velauthar et al., involving 55,974
women across 18 studies, which reported a
sensitivity of 26.4% for predicting preeclampsia
using abnormal uterine artery PI. [12] Although
sensitivity varies widely, these findings establish
uterine artery Doppler as a valuable screening tool
when used alongside clinical and biochemical
markers.  Additionally,  Plasencia et al.
demonstrated that 77% of early-onset preeclampsia
cases showed PI >90th percentile in the first
trimester, with 94% maintaining elevated PI later in
pregnancy. [6] When combined with Gestosis
scoring, detection rates reached up to 90%,
highlighting the added value of multimodal
screening. [13]
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Gomez et al. further reported that adverse outcomes
remained significantly higher in women who
initially had elevated PI values, even if indices
normalized later, emphasizing the importance of
continued monitoring throughout pregnancy. [15]

The role of aspirin in reducing the incidence of
preeclampsia has been evaluated in several trials.
The ASPRE trial demonstrated that aspirin
administered to high-risk women significantly
reduced the incidence of preterm preeclampsia.
[16] Similarly, systematic reviews and meta-
analyses by Roberge et al. and Daniel et al.
confirmed that aspirin is most effective when
initiated before 16 weeks of gestation at doses
exceeding 100 mg/day. [17,18] A meta-analysis by
Ghesquiere et al. also concluded that 150 mg of
aspirin started in the first trimester is more effective
than 75 mg for preventing preterm preeclampsia.
[19]

Despite prophylactic administration of low-dose
aspirin (Ecospirin) to all participants in our study, a
notable proportion still developed preeclampsia.
This observation suggests that factors beyond
aspirin responsiveness may influence disease
progression and warrants further exploration of
dose, timing, adherence, and individual biological
variation.

Overall, our findings reinforce the clinical value of
incorporating first-trimester uterine artery Doppler
into routine prenatal screening. Women identified
as high risk can benefit from intensified follow-up,
timely intervention, and preventive strategies to
minimize the risk of hypertensive complications.
The integration of Doppler assessment with
maternal risk factors and biochemical markers
would further enhance predictive accuracy and
allow for more individualized antenatal care.

Conclusion

This study shows that a first-trimester uterine artery
PI greater than 2.3 is strongly predictive of
gestational hypertension and preeclampsia, with all
women in this category developing hypertension
and half progressing to preeclampsia requiring
emergency delivery. Early Doppler assessment,
combined with timely clinical monitoring, can help
prevent severe complications. Integrating uterine
artery Pl with biochemical markers may further
improve early risk prediction and enhance maternal
and fetal outcomes.
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