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Abstract:

Background: Intrauterine growth restriction (IUGR) is a critical condition affecting fetal development, leading
to significant perinatal morbidity and mortality. Early detection and management are essential to improve
outcomes. Color Doppler ultrasound has emerged as a key tool in assessing fetal well-being in [UGR cases by
evaluating blood flow patterns in fetal and placental vessels.

Aim: This study aimed to evaluate the role of Color Doppler ultrasound in the assessment of intrauterine growth
restriction and its correlation with clinical outcomes.

Methods: A prospective observational study was conducted. A total of 300 pregnant women with suspected or
diagnosed ITUGR were included. Key Doppler parameters, including the Umbilical Artery Systolic/Diastolic
(S/D) ratio, Middle Cerebral Artery Pulsatility Index (MCA-PI), and Cerebroplacental Ratio (CPR), were
measured. Clinical outcomes, including birth weight, Apgar scores, and neonatal complications, were recorded.
Data were analyzed using SPSS version 23.0.

Results: Abnormal Doppler findings were observed in 32.7% of participants for the S/D ratio, 28.3% for MCA-
PI, and 30.7% for CPR. These abnormalities were significantly associated with adverse outcomes, including low
birth weight, reduced Apgar scores, and increased neonatal complications. The Umbilical Artery S/D ratio
demonstrated the highest sensitivity (85.6%) and negative predictive value (88.9%) for predicting low birth
weight.

Conclusion: Color Doppler ultrasound is a valuable tool in the early detection and management of IUGR,
strongly correlating with adverse perinatal outcomes. Routine Doppler assessments in at-risk pregnancies can
lead to timely interventions and improved maternal and neonatal outcomes.

Recommendations: Routine use of Color Doppler ultrasound should be integrated into prenatal care for
pregnancies at risk of IUGR. Further research is recommended to refine Doppler parameters and establish
standardized protocols, particularly in resource-limited settings.

Keywords: Intrauterine Growth Restriction, Color Doppler Ultrasound, Perinatal Outcomes, Umbilical Artery
S/D Ratio, Cerebroplacental Ratio.
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Introduction

A major obstetric disorder known as (IUGR)
affects 5-10% of pregnancies worldwide. It is
characterised by the fetus's inability to reach its
genetically programmed growth potential. In
addition to contributing to unfavourable outcomes
such preterm birth, low birth weight, and long-term
developmental problems, it is a major cause of
perinatal morbidity and mortality [1]. In order to
reduce these risks and enhance newborn outcomes,
prompt intervention following an early and precise
diagnosis of IUGR is necessary. Colour Doppler
ultrasonography has become a vital diagnostic tool
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for assessing foetal health, especially when there is
a suspicion of IUGR. Doppler ultrasonography
offers vital information on foetal haemodynamics
and placental function by evaluating blood flow
patterns in different foetal and placental arteries.
After significant research, parameters including the
(CPR), (MCA-PI), and (S/D) ratio are regarded as
important markers of foetal compromise [2].

Doppler ultrasound is crucial for identifying
foetuses at risk of unfavourable perinatal outcomes,
according to recent studies. In a study it was found
that there is a clear correlation between aberrant
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Doppler findings and increased perinatal morbidity
and mortality, especially in cases of severe [IUGR
[3]. Furthermore, a study showed that CPR is a
reliable indicator of poor newborn outcomes,
supporting the practice's widespread application in
clinical settings4. These results highlight the
crucial role that Doppler ultrasonography plays in
directing clinical judgement and maximising
delivery timing in IUGR cases [4]. Furthermore,
the use of machine learning algorithms and
advances in Doppler technology has improved this
modality's predicted accuracy even more.
Empirical research has demonstrated that the
integration of Doppler results with additional
clinical variables, like foetal heart rate monitoring
and maternal serum biomarkers, can enhance the
detection of pregnancies at risk [5]. More and more
people are realising that the multimodal approach is
the best way to manage IUGR since it enables more
individualised and focused interventions. Not with
standing Colour Doppler ultrasonography's
demonstrated effectiveness in treating IUGR,
obstacles still exist, especially in locations with
limited resources where access to sophisticated
imaging modalities may be constrained. Further
investigation is required to optimise Doppler
parameters and create globally applicable
standardised techniques. This study aimed to
evaluate the role of Color Doppler ultrasound in the
assessment of IUGR and its correlation with
clinical outcomes.

Methodology

Study Design: This study was a prospective
observational study.

Study Setting: The study was conducted at the
Department of Radiodiagnosis, Darbhanga Medical
College and Hospital, over a period of two years,
from December 2021 to November 2023.

Participants: A total of 300 pregnant women,
diagnosed with (IUGR) or suspected of having
IUGR, were included in the study. These
participants were referred to the Department of
Radiodiagnosis for Color Doppler evaluation as
part of their prenatal care.

Inclusion Criteria

e Pregnant women with a gestational age
between 28 and 40 weeks.

e Diagnosed or suspected cases of intrauterine
growth  restriction based on clinical
examination or ultrasound findings.

e Willingness to participate in the study and
provide informed consent.

Exclusion Criteria

e  Pregnant women with multiple gestations.
e Women with known congenital anomalies in
the fetus.
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e Patients with maternal comorbidities such as
diabetes mellitus, hypertension, or any
systemic illness that could independently affect
fetal growth.

e Patients who did not consent to participate in
the study.

Bias: To minimize selection bias, all eligible
pregnant women presenting to the department
during the study period were consecutively
included. To reduce information bias, all Doppler
studies were performed by a single experienced
radiologist, and clinical data were collected by a
different investigator who was blinded to the
Doppler results.

Data Collection: Clinical data, including patient
demographics, obstetric history, and risk factors for
IUGR, were collected wusing a structured
questionnaire. The Doppler studies focused on key
parameters such as (S/D) ratio, (MCA-PI), and
Cerebroplacental Ratio (CPR).other relevant fetal
Doppler indices.

Procedure: Each participant underwent a detailed
Color Doppler ultrasound examination using a
high-resolution Doppler ultrasound machine. The
examination included an assessment of the
umbilical artery, middle cerebral artery, and ductus
venosus, among other relevant vessels. Doppler
indices were measured and recorded for each case.
Following the Doppler evaluation, clinical
outcomes, including birth weight, Apgar score, and
neonatal complications, were collected post-
delivery to establish a clinical correlation with the
Doppler findings.

Statistical Analysis: Data were analyzed using
SPSS  version 23.0. Descriptive statistics
summarized the data, with continuous variables as
means and standard deviations, and categorical
variables as frequencies and percentages. Pearson
correlation coefficients assessed the relationship
between Doppler findings and clinical outcomes,
with a significance threshold of p < 0.05.
Sensitivity, specificity, and predictive values of
Doppler parameters for predicting adverse perinatal
outcomes were also calculated.

Results

A total of 300 pregnant women participated in the
study. The mean age of the participants was 26.4
years (+ 4.8 years). The majority of the participants
were primigravida (62%, n = 186), while the
remaining 38% (n = 114) were multigravida. The
mean gestational age at the time of Doppler
assessment was 32.8 weeks (£ 3.4 weeks).

Doppler Parameters and Clinical Correlation:
The Doppler ultrasound evaluation focused on
three key parameters: (S/D) ratio, (MCA-PI), and
Cerebroplacental Ratio (CPR). The clinical
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outcomes were assessed through birth weight,
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complications.

Apgar score, and the presence of neonatal
Table 1: Summary of Doppler Parameters
Parameter Mean = SD Reference Range Abnormal Cases (n)
Umbilical Artery S/D Ratio 32+£0.6 <3.0 98
Middle Cerebral Artery PI 14+03 >1.0 85
Cerebroplacental Ratio (CPR) 1.1+£0.2 >1.08 92

Of the 300 participants, 98 (32.7%) had an abnormal S/D ratio, 85 (28.3%) had an abnormal MCA-PI, and 92

(30.7%) had an abnormal CPR.

Table 2: Clinical Outcomes of Participants

Qutcome Mean = SD Abnormal Cases (n) p-value (Correlation)
Birth Weight (grams) 2400 + 520 94 <0.001

Apgar Score (at 5 min) 72+14 76 0.004

Neonatal Complications - 68 0.002

e Birth Weight: The mean birth weight was
2400 grams (£ 520 grams). A significant
negative correlation was observed between an
abnormal Umbilical Artery S/D ratio and low
birth weight (p <0.001).

e Apgar Score: The mean Apgar score at 5
minutes was 7.2 (+ 1.4). An abnormal MCA-PI

was significantly associated with lower Apgar
scores (p = 0.004).

e Neonatal Complications: A total of 68
neonates (22.7%) experienced complications,
including respiratory distress syndrome and
neonatal intensive care unit (NICU) admission.
Abnormal CPR was significantly associated
with an increased incidence of neonatal
complications (p = 0.002).

Table 3: Sensitivity, Specificity, and Predictive Values of Doppler Parameters

Parameter Sensitivity | Specificity | Positive Predictive | Negative Predictive
(%) (%) Value (%) Value (%)

Umbilical Artery S/D Ratio 85.6 70.3 64.8 88.9

Middle Cerebral Artery PI 78.4 65.2 55.6 83.7

Cerebroplacental Ratio (CPR) 82.3 68.9 61.3 87.4

e Umbilical Artery S/D Ratio demonstrated the
highest sensitivity (85.6%) and negative
predictive value (88.9%) in predicting low
birth weight.

e Middle Cerebral Artery PI had moderate
sensitivity (78.4%) and specificity (65.2%) for
predicting low Apgar scores.

e Cerebroplacental Ratio showed good
sensitivity (82.3%) and negative predictive

value (87.4%) for predicting neonatal
complications.

Discussion

Among the 300 participants, a substantial

proportion exhibited abnormal Doppler parameters,
with 32.7% showing an abnormal (S/D) ratio,
28.3% with an (MCA-PI), and 30.7% with an
(CPR). These abnormal Doppler findings were
closely linked to poorer clinical outcomes, such as
lower birth weights, reduced Apgar scores, and
increased neonatal complications.

The correlation between Doppler parameters and
clinical outcomes was particularly evident in the
Umbilical Artery S/D ratio, which had the highest
sensitivity (85.6%) and negative predictive value
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(88.9%) for predicting low birth weight. This
suggests that an abnormal S/D ratio is a strong
indicator of fetal growth restriction and potential
adverse outcomes, underscoring the importance of
regular Doppler monitoring in pregnancies at risk
of IUGR.

Similarly, the MCA-PI and CPR were significantly
associated with low Apgar scores and neonatal
complications, respectively. The CPR, in particular,
demonstrated good predictive accuracy, with a
sensitivity of 82.3% and a negative predictive value
of 87.4% for neonatal complications. This indicates
that a low CPR could serve as a valuable predictor
of neonatal distress, allowing for timely
interventions.

Overall, these findings affirm the utility of Color
Doppler ultrasound as a non-invasive, reliable tool
in the prenatal management of IUGR. By
identifying abnormal blood flow patterns early,
clinicians can better anticipate and manage
potential complications, improving both maternal
and neonatal outcomes. The study suggests that
integrating routine Doppler assessments into
prenatal care for at-risk pregnancies could
significantly enhance the early detection and
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management of [UGR, ultimately leading to better
health outcomes for both mothers and their infants.

In 2020, a Doppler study was conducted to predict
intrauterine growth retardation using the uterine
and umbilical arteries. In assessing pregnancies
complicated by IUGR, this study evaluated the use
of colour Doppler. According to the research, a
fairly sensitive predictor (60%) of unfavourable
perinatal outcomes was the continuation of an early
diastolic notch past 26 weeks of pregnancy.
According to the study, the uterine artery's
resistance index (RI) and pulsatility index (PI) had
a 73% and 76.7% sensitivity rate, respectively, in
predicting perinatal outcomes. Similarly, there
were 63% and 70% sensitivity levels found in the
RI and PI of the umbilical artery, respectively.
According to the results, Doppler imaging can help
improve outcomes in high-risk pregnancies with
ITUGR and serve as a useful method for indirectly
monitoring foetal impairment [6].

In the second and third trimesters of high-risk
pregnancies, the role of colour doppler indicators in
diagnosing intrauterine growth restriction. In this
study assessed the accuracy of colour Doppler in
the diagnosis of (JUGR) in the second and third
trimesters with a focus on high-risk pregnancies.
According to the study's findings, Doppler indices
generally showed a high sensitivity (89.9%) for
IUGR detection, but a low specificity (9.1%). The
(CPR), which has a sensitivity of 64% and a
specificity of 100% among the indices, was shown
to be the most trustworthy indicator. As such, it is
an important tool for the early diagnosis and
treatment of IUGR [7].

An investigation using a cross-sectional design to
determine the impact of colour Doppler indicators
on the diagnosis of  IUGR. In high-risk
pregnancies, the diagnostic usefulness of different
Doppler indicators in predicting IUGR was
evaluated in this study. The head circumference to
abdominal circumference (HC/AC) ratio was found
to have a high sensitivity (84.4%), whereas the
cerebro-umbilical ratio (C/U ratio) was found to be
a preferred parameter for diagnosing intrauterine
growth restriction (IUGR) in the third trimester due
to its notable specificity (68.8%) and sensitivity
compared to other indices [8].

Conclusion

This study demonstrates the importance of Color
Doppler ultrasound in assessing (IUGR) and
predicting adverse perinatal outcomes. Abnormal
Doppler parameters, such as the Umbilical Artery
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Systolic/Diastolic ratio and Cerebroplacental Ratio,
were strongly linked to complications like low birth
weight and neonatal distress.Routine Doppler
assessments in pregnancies at risk for [IUGR can
lead to earlier detection of issues and timely
interventions, ultimately improving maternal and
neonatal outcomes. The findings support the use of
Color Doppler as a valuable tool in prenatal care
for managing IUGR effectively.
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