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ABSTRACT

Objective: To compare the predictive performance of first-trimester mean arterial pressure (MAP) and second-trimester
uterine artery pulsatility index (UtA-PI) for subsequent preeclampsiain high-risk pregnant women.

Study Design and Setting: Validation study at Department of Obstetrics and Gynaecology, Holy Family Hospital, Rawal pindi.

Methodology: This validation study included 202 high-risk singleton pregnancies enrolled by non-probability consecutive
sampling. MAP was measured in the first trimester and was considered abnormal when >100 mmHg. Uterine artery Doppler
was performed at 22+6 to 24+6 weeks of gestation; UtA-Pl >1.45 was considered abnormal. Participants were followed
after 20 weeks for development of preeclampsia. Sensitivity, specificity, positive predictive value (PPV), negative predictive
value (NPV), and overall accuracy were calculated against the final clinical prediction of preeclampsia.

Result: Preeclampsia developed in 75/202 (37.1%) participants. For MAP, sensitivity was 92.0% (95% CI 83.6-96.3),
specificity 89.0% (82.3-93.3), PPV 83.1% (73.7-89.7), NPV 95.0% (89.4-97.7), and overall accuracy 90.1% (85.2-93.5).
For second-trimester UtA-PI, sensitivity was 76.0% (65.2—84.2), specificity 79.5% (71.7-85.6), PPV 68.7% (58.1-77.6),
NPV 84.9% (77.4-90.2), and overall accuracy 78.2% (72.0-83.4).

Conclusion: Inthis selected high-risk cohort, first-trimester MAP showed higher predictive accuracy than second-trimester
UtA-PI for subsequent preeclampsia. These findings support MAP as a practical component of risk assessment, but they
should not be interpreted as establishing MAP as a stand-al one screening strategy for all pregnant women.
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INTRODUCTION

Preeclampsia is a multisystem, pregnancy-related
hypertension disorder and remains one of the leading causes
of morbidity and mortality in mothers and new babies all
over the world. It is usually defined by the onset of
hypertension or proteinuria after 20 weeks of gestation
and/or maternal organ failure, i.e. renal failure, hepatic
hepatic, nervous system, hematologic and/or placental
under-perfusion. Even with the augmented antenatal care,
preeclampsia remains an immense burden of the obstetric
practice given itsrisk of polite manifestation in the initial
stages and its occurrence after a short interval of time to
severe eclampsia, retarded fetal growth, placental abruption,
preterm birth and maternal or fetal mortality. The
pathophysiology of preeclampsiais very complex and is
associated with abnormal placenta, failure of the normal
invasion of the trophoblastic proliferation of the spiral
arteries, endothelial dysfunction, over-reaction of the
inflammatory response and the imbalance between the
proliferation of the angiogenic factors and the anti-angiogenic
factors. In normal pregnancy, the spird arteries of the uterus
undergo remodelling to make low resistance uteroplacental
circulation. The augmentation of such remodeling occurs
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through a faulty mechanism occurring during pregnancies
that are likely to have preeclampsia due to augmented
vascular resistance, placental hypoxia, oxidative stress and
the discharge of anti-angiogenic cytokines to the maternal
blood vessels. It is the processes of these that have made
maternal cardiovascular parameters and uteroplacental
Doppler indices significant to the early diagnosis of
preeclampsia.® The clinical relevance of the early prediction
is that the preventive measures will be the most effective
when implemented prior to the devel opment of the disease.
First-trimester screening enables women to be identified as
being at a high risk so that preventive measures, including
low-dose aspirin, more frequent monitoring and tailored
antenatal care, can be implemented to mitigate the risk of
preterm preeclampsia and associated adverse events.*®
Screening directed by maternal history and clinical risk
factors alone has not proven to be an effective predictor of
risk, especialy since not all women at risk develop visible
risk factors. As such, integrated screening approaches that
include maternal factors, mean blood pressure, uterine artery
Doppler and aerobic biomarkers have been progressively
explored.®”

Mean arterial pressure is an inexpensive, non-invasive,
simple, and reproducible parameter, which measures
hemodynamic adjustments in the mother during pregnancy.
High MAP during early pregnancy can imply augmented
vascular resistance at the systemic stage and compromise
of cardiovascular adaptation, which have been recognized
to be related to preeclampsia development in the future.
Female longitudinal cohort study in the Asian female
population indicated a beneficial predictive quality of MAP
during pregnancy which confirmsits applicability asahuman
screening instrument in the reproductive care association
during pregnancy.® Since it can be done with accurate blood
pressure measurement alone, MAP can be particularly useful
in low-resource locations where state-of -the-art biochemical
or Doppler facilities are not ubiquitous. Another valuable
screening marker isthe uterine artery pulsatility index. High-
resistance uteroplacental blood flow indicates increased
UtA-PI, and is an indirect indicator of poor placentation.
Doppler studies of the uterine artery carried out during the
first trimester have revealed that abnormal UtA-PI islinked
to subsequent occurrence of preeclampsia, especially at an
early age and preterm conditions.* Nonethel ess, Doppler
eva uation necessitates professiond sonologists, standardized
method, and ultrasound gadgets which might restrict its
usagein certain clinical settings. Also, UtA-PI characteristics
have been shown to depend on population features, period
of gestation at the time of assessment, and the presence or
absence of other screening algorithms.2® Recent studies of
implementation have demonstrated that first-trimester
screening programs that are structured may be implemented
into regular maternity care, and could potentially enhance
risk detection and prevention of preterm preeclampsia.”%°

Thus, itisclinically relevant to compare firgt-trimester MAP
and uterine artery pulsatility index. In case MAP shows as
accurate in diagnosis as UtA-PI does, it can be used as a
cost-efficient and readily-implemented screening factor. On
the other hand, when UtA-PI demonstrates better predictive
ability, it can be accepted to be used in high-risk pregnancies
in spite of the extra cost and technical consideration. The
current research aims at comparing and contrasting the
diagnostic accuracy of first-trimester MAP and uterine artery
pulsatility index to predict the occurrence of preeclampsia
in pregnant women who are at high risks.

METHODOLOGY

This validation study was conducted from 12 April 2025 to
11 October 2025 in the outpatient Department of Obstetrics
and Gynaecology, Holy Family Hospital, Rawal pindi, after
approval from the institutional ethical review committee
(Ref. No. 709/4/IREF/RMU/2024, dated 30 May 2024). A
total of 202 high-risk women with singleton pregnancies
were enrolled by non-probability consecutive sampling after
application of prespecified eligibility criteria. High-risk
status was defined by the presence of one or more of the
following: previous preeclampsia, chronic hypertension,
diabetes mellitus, rend disease, autoimmune disease, clotting
disorder, first-degree family history of preeclampsia, or BMI
>30 kg/m2. Women with preeclampsia at enrolment or
multiple pregnancy were excluded. Written informed consent
was obtained before enrolment. Demographic characteristics,
obstetric history, medical risk factors and family history
were recorded on a structured proforma. Gestational age
was determined from the last menstrua period and confirmed
by first-trimester crown-rump length where appropriate.
Maternal height and weight were measured and BMI was
calculated asweight in kilograms divided by height in metres
squared.

Aspirin prophylaxis: Participants received standard antenatal
care, including aspirin 150 mg when clinically indicated
according to the treating obstetric team's risk assessment.
Aspirin was prescribed to [INSERT n/202, %] participants.
Because aspirin can reduce the subsequent risk of
preeclampsia, aspirin exposure should be reported in the
final analysis and considered when interpreting the predictive
performance of MAP and UtA-PI. First-trimester MAPwas
measured using caibrated digital oscillometric blood-pressure
devices. After the participant had rested in a seated position
with feet supported, legs uncrossed and arms supported at
heart level, blood pressure was measured in both upper arms
and repeated after at least one minute. MAP was cal cul ated
as: MAP = DBP + (SBP - DBP)/3, where SBPis systolic
blood pressure and DBP is diastolic blood pressure. MAP
>100 mmHg was classified as abnormal. All participants
underwent routine obstetric ultrasonography. The first-
trimester scan was performed at 11+0 to 13+6 weeks for
pregnancy dating and fetal assessment. Uterine artery Doppler
was performed at 22+6 to 24+6 weeks by a senior
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sonographer with at least five years of post-fellowship
experience. Flow-velocity waveforms were obtained from
both uterine arteries. For this study, second-trimester UtA-
Pl >1.45 was classified as abnormal; resistance index >0.70
or aunilateral/bilateral diastolic notch was also considered
an abnormal uterine artery Doppler finding. UtA-PI is
dimensionless. Participants were followed after 20 weeks
of gestation for development of preeclampsia during routine
antenatal care. Preeclampsiawas defined as blood pressure
=140/90 mmHg on two occasions at least four hours apart
after 20 weeks of gestation together with proteinuria of =300
mg in a 24-hour urine collection. Thefina clinical prediction
of preeclampsia was used as the reference standard for
evaluation of MAP and UtA-PI. Data were entered and
analyzed using SPSS version 23.0. Continuous variables
were summarized as mean *+ standard deviation and
categorical variables as frequency and percentage. Separate
2x2 tables were constructed for MAP and UtA-Pl against
thefinal preeclampsia outcome. Sensitivity, specificity, PPV,
NPV and overall accuracy were calculated with 95%
confidence intervals. Associations between test status and
preeclampsia were assessed using the chi-sgquare test, with
p<0.05 considered statistically significant.

RESULTS

The mean maternal age was 28.6 + 4.7 years (range 19-40
years), mean gestational age at enrolment was 12.4 + 1.1
weeks, mean parity was 2.1 + 1.3, and mean BM| was 29.8
+ 4.6 kg/m2. Mean first-trimester MAP was 96.7 + 9.4
mmHg. Mean second-trimester UtA-PI was 1.39 + 0.31;
UtA-PI is adimensionless index. Of the 202 participants,
118 (58.4%) were urban residents and 84 (41.6%) wererural
residents. Socioeconomic status was upper in 32 (15.8%),
middlein 106 (52.5%) and lower in 64 (31.7%). Educationa
status wasiilliterate in 28 (13.9%), primary in 34 (16.8%),
middle in 41 (20.3%), matriculation in 45 (22.3%), higher
secondary in 31 (15.3%), and graduate/postgraduate in 23
(11.4%). Recorded high-risk factors included previous
preeclampsia in 46 (22.8%), chronic hypertension in 39
(19.3%), diabetes mellitus in 31 (15.3%), renal disease in
13 (6.4%), autoimmune diseasein 10 (5.0%), clotting disorder
in 8 (4.0%), family history of preeclampsia’hypertensionin
54 (26.7%), and BMI >30 kg/m? in 71 (35.1%). Some
participants had more than one risk factor.

During follow-up, 75/202 participants (37.1%) devel oped
preeclampsiaand 127 (62.9%) did not. Secondary adverse
outcomes included intrauterine growth restriction in 29
(14.4%), preterm delivery in 36 (17.8%), and placental
abruption in 7 (3.5%). An abnormal first-trimester MAP
was present in 83 (41.1%) participants. 69 developed
preeclampsia and 14 did not. Among the 119 participants
with normal MAP, 6 developed preeclampsia and 113 did
not. MAP sensitivity was 92.0% (95% CI 83.6-96.3),
specificity 89.0% (82.3-93.3), PPV 83.1% (73.7-89.7),
NPV 95.0% (89.4-97.7), and overall accuracy 90.1%

(85.2-93.5). Second-trimester UtA-PI was abnormal in 83
(41.1%) participants: 57 devel oped preeclampsiaand 26 did
not. UtA-PI was normal in 119 participants, of whom 18
developed preeclampsiaand 101 did not. UtA-PI sensitivity
was 76.0% (95% CI 65.2—-84.2), specificity 79.5%
(71.7-85.6), PPV 68.7% (58.1-77.6), NPV 84.9%
(77.4-90.2), and overall accuracy 78.2% (72.0-83.4).

DISCUSSION:

This validation study compared first-trimester MAP with
second-trimester UtA-PI for prediction of subsequent
preeclampsiain 202 high-risk pregnant women. Preeclampsia
developed in 75 (37.1%). MAP showed higher sensitivity,
specificity and overall accuracy than UtA-PI in this cohort.
However, the comparison should be interpreted within a
selected high-risk population receiving routine antenatal
care rather than as evidence that MAP should replace
established multivariable screening approaches.

Therelatively high preeclampsia frequency was expected
because recruitment was restricted to women with recognized
high-risk characteristics. Predictive values are prevalence-
dependent, so the PPV and NPV observed here should not
be extrapolated directly to unselected obstetric populations.
Current international guidance emphasizes maternal risk
profile and assessment when feasible.™*3

The study population had a mean age of 28.6 + 4.7 years
and mean BMI of 29.8 + 4.6 kg/m?. Obesity, family history,
previous preeclampsia, chronic hypertension and diabetes
were common risk factors. These characteristicsare clinicaly
important because baseline maternal risk contributes to the
probability of preeclampsia and to the performance of
screening strategies.™ First-trimester MAP identified 69 of
75 women who subsequently devel oped preeclampsia, giving
a sensitivity of 92.0% and an overall accuracy of 90.1%.
Contemporary prediction models frequently retain MAP as
an important maternal biophysical marker, although the
best-performing strategies generally combine maternal
characteristics, MAP, UtA-PI and biochemical markersrather
than relying on MAP alone.**** Machine-learning and
multivariable prediction studies further support the
contribution of maternal clinical characteristics and
biophysical markersto risk stratification.'*'” These studies
are more complex than the present single-marker comparison
and should not be interpreted as direct validation of the
MAP >100 mmHg threshold used here.

Second-trimester UtA-Pl showed a sensitivity of 76.0%,
specificity of 79.5% and overall accuracy of 78.2%. Published
meta-analyses and cohort studies confirm that uterine artery
Doppler is associated with later preeclampsia, but its
performance varies according to gestational age, technique,
population and threshold.***° A Pakistani study has also
reported an association between first-trimester uterine artery
Pl and subsequent preeclampsia, supporting the relevance
of uterine artery Doppler in local obstetric populations.® In
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Table 1. Baseline demogr aphic, clinical and high-risk characteristics of study participants

Variable Frequency / Mean | Percentage/ SD
Total participants 202 100.0%
Age, years 28.6 4.7
Gestationa age at enrollment, weeks 12.4 +11
Parity 21 +13
Body massindex, kg/m? 29.8 +4.6
Mean arterial pressure, mmHg 96.7 +94
Uterine artery PI 1.39 +0.31
High-risk factors (participants could have morethan one factor)

Previous history of preeclampsia 46 22.8%
Chronic hypertension 39 19.3%
Diabetes mellitus 31 15.3%
Renal disease 13 6.4%
Autoimmune disease 10 5.0%
Clotting disorder 8 4.0%
Family history of preeclampsia/ hypertension 54 26.7%
BMI >30 kg/m? 71 35.1%

Table 2. Distribution of demographic categoriesamong
study participants

Variable Frequency | Percentage
Agegroup
=25 years 51 25.2%
26-30 years 82 40.6% Table 4. Predictive per formance of first-trimester MAP and second-
3135 years 29 24.3% trimester uterineartery PI
>35 years 20 9.9% Predictive parameter MAP Second-trimester UtA-PI
Residential status True positive 69 57
Urban 118 58.4% False positive 14 26
Rural 84 41.6% False negative 6 18
Socioeconomic status True negative 113 101
Upper class 32 15.8% Sensitivity 92.0% (83.6-96.3) 76.0% (65.2-84.2)
Middle class 106 52.5% Specificity 89.0% (82.3-93.3) 79.5% (71.7-85.6)
Lower class 64 31.7% Positive predictive value | 83.1% (73.7-89.7) 68.7% (58.1-77.6)
Educational status Negative predictive value| 95.0% (89.4-97.7) 84.9% (77.4-90.2)
Illiterate 28 13.9% Overall accuracy 90.1% (85.2-93.5) 78.2% (72.0-83.4)
Primary 34 16.8%
Middle 41 20.3%
Matric 45 22.3%
Higher secondary 31 15.3%
Graduate / postgraduate 23 11.4%

Table 3. Association of MAP and second-trimester uterine artery Pl with development of preeclampsia

Screening test Preeclampsia present | Preeclampsia absent | Total | p-value
MAP abnormal 69 14 83
MAP normal 6 113 119 | <0.001
Total 75 127 202
Second-trimester UtA-PI abnormal 57 26 83
Second-trimester UtA-Pl normal 18 101 119 | <0.001
Total 75 127 202
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the present study, mean second-trimester UtA-Pl was 1.39
+ 0.31, and the prespecified threshold of >1.45 was applied
at 22+6 to 24+6 weeks of gestation. Among 83 women with
abnormal UtA-PI, 57 developed preeclampsia. Studies
evaluating UtA-PI together with placental biomarkers have
shown that combined approaches may improve prediction
compared with asingle Doppler marker.?2% False-negative
results are clinically relevant in preeclampsia screening.
MAP missed 6 cases whereas UtA-PI missed 18, resulting
in NPVs of 95.0% and 84.9%, respectively. These values
reflect the high-risk study population and should be
interpreted together with the confidence intervals and the
preventive care received during follow-up. Non-linear
relationships between UtA-PI and preeclampsiarisk have
also been described.? Aspirin prophylaxisis an important
consideration because it can modify therisk of preeclampsia
in high-risk women. Evidence supports preventive aspirin
use in appropriately selected pregnancies, and biomarker
trajectories may also be affected by prophylaxis.®* For this
reason, the observed performance estimates should be
interpreted in the context of routine high-risk antenatal
management rather than as untreated natural-history estimates.
Secondary adverse outcomes included intrauterine growth
restriction, preterm delivery and placental abruption. These
outcomes are biologically and clinically related to placental
dysfunction and hypertensive disease. Second-trimester
uterine artery Doppler has also been evauated for prediction
of preeclampsia and fetal growth restriction in high-risk
women.?

The present findings do not establish MAP as areplacement
for uterine artery Doppler or for validated multimarker
algorithms. Instead, they suggest that MAP may be apractical
component of risk assessment in settings where resources
are constrained, while UtA-PI provides complementary
information on uteroplacental vascular resistance. External
validation in broader populationsis required before adopting
either threshold as a stand-a one screening strategy. Overall,
first-trimester MAP demonstrated higher predictive
performance than second-trimester UtA-PI in this high-risk
cohort. The differenceisclinically interesting because MAP
is inexpensive and easy to obtain; however, screening
decisions should remain based on the complete maternal
risk profile and locally validated protocols. Future multicenter
studies should evaluate MAP, UtA-PI, biomarkers, aspirin
exposure and maternal risk factors within prespecified
prediction models. Strengths and limitations: The study
focused on a clinically relevant high-risk population and
directly compared two commonly available biophysical
markers. Limitations include the single-center design, non-
probability consecutive sampling, absence of biochemical
markers such as PIGF and PAPP-A, operator dependence
of uterine artery Doppler, and potential modification of

preeclampsiarisk by aspirin prophylaxis. The selected high-
risk sample also limits generalizability of PPV, NPV and
overall accuracy to lower-risk populations. These findings
should therefore be interpreted as validation results within
the study population rather than as evidence for universal
stand-alone screening.

CONCLUSION

First-trimester MAP showed higher predictive accuracy than
second-trimester UtA-PI for subsequent preeclampsiain
this high-risk cohort. MAP may be a practical and low-cost
component of risk assessment, particularly in resource-
constrained settings, while uterine artery Doppler provides
complementary information. Because the cohort was sl ected
for high baseline risk and received routine preventive
antenatal care, including aspirin when indicated, the findings
should be validated in larger multicenter populations before
either marker is recommended as a stand-alone screening

strategy.
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