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af' OPEN ACCESS ABSTRACT
Background: Intrauterine growth restriction (IUGR) is a major contributor to
Corresponding Author: perinatal morbidity and mortality worldwide. Early diagnosis and timely

intervention are essential for improving fetal outcome.

Materials and Methods: This prospective observational study was conducted in
the Department of Radiodiagnosis, PDMMC Hospital, Amravati. A total of 120
clinically suspected IUGR pregnancies between 28 and 40 weeks gestation were
enrolled. Colour and spectral Doppler examinations of the UA and MCA were
performed serially from 28-30 weeks until delivery. PI and RI values were
recorded and compared with established reference values. Neonatal birth weight,
APGAR score, NICU admission, respiratory distress, and perinatal mortality were
used to assess diagnostic accuracy.

Results: Among 120 pregnancies, 86 neonates were confirmed as growth restricted
at birth. Abnormal UA PI was observed in 72 cases, while abnormal MCA PI was
Received: 30-04-2026 noted in 78 cases. UA PI demonstrated an overall diagnostic accuracy of 70%,
Accepted: 20-05-2026 while UA RI showed 54% accuracy. MCA PI had the highest diagnostic accuracy
Available online: 26-06-2026 of 76.6%, whereas MCA RI demonstrated an accuracy of 70.3%. Sensitivity and
specificity increased with advancing gestational age. Abnormal Doppler findings
were significantly associated with low birth weight, NICU admission, fetal
distress, and adverse perinatal outcome.

Conclusion: Colour and spectral Doppler assessment of UA and MCA is a reliable,
non-invasive method for early detection of IUGR and prediction of adverse
perinatal outcome. MCA PI showed superior diagnostic performance among
evaluated Doppler parameters.
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INTRODUCTION

Intrauterine growth restriction (IUGR) is defined as failure of the fetus to achieve its genetically determined growth
potential and is one of the most important causes of perinatal morbidity and mortality. The incidence of IUGR varies
between 5% and 15% globally and is considerably higher in developing countries due to maternal malnutrition, anemia,
hypertensive disorders of pregnancy, and inadequate antenatal care. (1,2)

Placental insufficiency remains the most common cause of [IUGR. Chronic reduction in uteroplacental blood flow results
in fetal hypoxia and redistribution of fetal circulation. (3) These adaptive hemodynamic changes can be assessed non-
invasively using Doppler ultrasonography.(4,5) Doppler velocimetry provides information regarding blood flow
characteristics in fetal and placental circulation and has become an integral component of fetal surveillance. (6)

The umbilical artery Doppler reflects placental vascular resistance. Increased resistance due to placental insufficiency
results in elevated pulsatility index (PI) and resistive index (RI). Conversely, the middle cerebral artery demonstrates
reduced resistance due to the brain-sparing effect, resulting in decreased PI and RI values. These Doppler changes often
precede abnormal cardiotocography and biophysical profile findings. (7,8)Several studies (9,10,11,12) have demonstrated
the utility of Doppler indices in identifying fetuses at risk of hypoxia, acidosis, preterm delivery, and perinatal mortality.
However, variation exists regarding the relative predictive value of PI and RI measurements in different fetal vessels.
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Hence, the present study was undertaken to evaluate the diagnostic accuracy of UA PI, UA RI, MCA PI, and MCA RI in
clinically suspected IUGR pregnancies and to determine their role in predicting adverse perinatal outcomes.

MATERIALS AND METHODS

This prospective observational study was conducted in the Department of Radiodiagnosis, PDMMC Hospital, Amravati,
over a period of two years. A total of 120 pregnant women who were clinically suspected of having intrauterine growth
restriction (IUGR) and were referred for Doppler evaluation were enrolled in the study. Pregnant women with singleton
pregnancies, gestational age greater than 28 weeks, and willingness to participate were included. Cases with multiple
gestations, major congenital fetal anomalies, intrauterine fetal demise at presentation, and uncertain gestational age were
excluded from the study. Institutional ethical committee approval was obtained prior to commencement of the study, and
informed consent was obtained from all participants.

All enrolled patients underwent detailed history taking and clinical examination followed by routine obstetric
ultrasonography. Subsequently, colour and spectral Doppler examinations were performed using standardized imaging
protocols. Umbilical artery Doppler measurements were obtained from a free-floating loop of the umbilical cord, while
middle cerebral artery Doppler assessment was carried out at the proximal third of the vessel near its origin from the
internal carotid artery. The Doppler parameters evaluated included umbilical artery pulsatility index (UA PI), umbilical
artery resistive index (UA RI), middle cerebral artery pulsatility index (MCA PI), and middle cerebral artery resistive index
(MCA RI). Serial Doppler examinations were performed from 28-30 weeks of gestation until delivery whenever indicated.
All patients were followed up until delivery, and neonatal outcomes were recorded. The outcome measures included birth
weight, APGAR score, neonatal intensive care unit (NICU) admission, respiratory distress, meconium aspiration syndrome,
fetal distress, and perinatal mortality. The collected data were entered into Microsoft Excel and analyzed using SPSS
version 26. Continuous variables were expressed as mean + standard deviation, whereas categorical variables were
presented as frequency and percentage. Diagnostic performance of Doppler parameters was assessed by calculating
sensitivity, specificity, positive predictive value, negative predictive value, and overall diagnostic accuracy. A p-value of
less than 0.05 was considered statistically significant.

Colour Doppler image showing normal tracing pattern of middle cerebral artery and umbilical artery at 30 weeks of
gestation.

RESULTS
Table 1. Maternal Demographic Characteristics (n=120)
Variable Number (%)
Age <20 years 12 (10.0)
20-25 years 45 (37.5)
26-30 years 40 (33.3)
>30 years 23 (19.2)
Primigravida 68 (56.7)
Multigravida 52 (43.3)

The majority of women belonged to the 20-30 years age group. Primigravidae constituted 56.7% of the study population.

Table 2. Diagnostic Performance of Doppler Parameters

Parameter | Sensitivity (%) | Specificity (%) | Accuracy (%)
UAPI 72.1 64.7 70.0
UARI 58.1 48.5 54.0
MCAPI | 80.2 68.4 76.6
MCARI | 73.2 61.7 70.3

MCA PI demonstrated the highest sensitivity and overall diagnostic accuracy for detection of ITUGR.
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Table 3. Perinatal Outcome Among Study Subjects

Outcome Number (%)
Birth weight <2.5 kg 86 (71.7)
APGAR <7 at 5 min 22 (18.3)
NICU admission 30 (25.0)
Respiratory distress 18 (15.0)
Meconium aspiration 12 (10.0)
Perinatal mortality 4(3.3)

Low birth weight was the most common adverse outcome observed.

Table 4. Association of Abnormal Doppler Findings with Adverse Outcome

Outcome Abnormal Doppler n (%) | Normal Doppler n (%)
NICU Admission | 26 (86.7) 4(13.3)

Fetal Distress 18 (81.8) 4 (18.2)

Low APGAR 19 (86.4) 3(13.6)

Perinatal Mortality | 4 (100) 0

Abnormal Doppler findings showed a significant association with adverse perinatal outcomes.

DISCUSSION

IUGR remains a major obstetric challenge because of its association with increased perinatal morbidity and mortality. The
present study evaluated the utility of colour and spectral Doppler examination in identifying [IUGR and predicting adverse
perinatal outcomes.

The majority of patients belonged to the 20—30 years age group, similar to studies by Gramellini et al. and Bhatt et al. Most
patients were primigravidae, reflecting increased vulnerability to placental insufficiency in first pregnancies.

Umbilical artery Doppler is a well-established indicator of placental resistance. In the present study, UA PI demonstrated
an overall diagnostic accuracy of 70%, whereas UA RI showed comparatively lower accuracy of 54%. These findings
support the observation that PI is a superior index because it incorporates the entire Doppler waveform and is less affected
by measurement variability. (13)

Middle cerebral artery Doppler demonstrated better predictive capability than umbilical artery Doppler. MCA PI showed
the highest diagnostic accuracy (76.6%) among all evaluated parameters. This finding reflects the physiological brain-
sparing phenomenon observed in fetuses experiencing chronic hypoxia. Similar observations were reported by Bahado-
Singh et al., Baschat et al., and Alfirevic et al.

The sensitivity and specificity of Doppler indices increased with advancing gestational age. This may be attributed to
progressive placental insufficiency resulting in more pronounced hemodynamic changes during later gestation. Several
investigators have reported similar trends in Doppler studies of high-risk pregnancies.

The present study also demonstrated a strong association between abnormal Doppler findings and adverse neonatal
outcomes. NICU admission, respiratory distress, fetal distress, and low APGAR scores were significantly more common
in fetuses with abnormal Doppler parameters. Perinatal mortality occurred exclusively among fetuses with abnormal
Doppler studies.

The findings support the concept that Doppler abnormalities occur before clinical deterioration and therefore permit timely
intervention. Early identification of high-risk fetuses allows close monitoring, administration of corticosteroids when
required, and appropriate timing of delivery. (14,15,16,17)

MCA PI emerged as the single best predictor of adverse perinatal outcome in this study. This observation is consistent with
the findings of Severi et al., Baschat et al., and Cruz-Martinez et al., who reported superior predictive performance of
cerebral Doppler parameters.

The strengths of the present study include prospective design, serial Doppler evaluation, and assessment of multiple fetal
outcomes. Limitations include single-center design and absence of cerebroplacental ratio assessment, which has gained
importance in recent years. (18)

Overall, colour and spectral Doppler evaluation significantly improved detection of fetal compromise and facilitated
clinical decision-making. Integration of Doppler assessment into routine surveillance protocols for suspected IUGR can
contribute substantially to reduction in perinatal morbidity and mortality.
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CONCLUSION

Colour and spectral Doppler ultrasonography is a valuable, non-invasive technique for assessment of pregnancies
complicated by suspected [UGR. Among the evaluated parameters, MCA PI demonstrated the highest diagnostic accuracy,
followed by MCA RI and UA PI. Abnormal Doppler findings were significantly associated with adverse perinatal outcomes
including low birth weight, fetal distress, NICU admission, and perinatal mortality. Routine incorporation of Doppler
surveillance in high-risk pregnancies can facilitate early diagnosis, timely intervention, and improved neonatal outcome.
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