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ABSTRACT

Background: Doppler sonography plays a crucial role in evaluating fetal growth restriction (FGR) by assessing blood flow patterns and
identifying compromised fetoplacental circulation. It serves as a non-invasive tool for predicting adverse perinatal outcomes, enabling timely
obstetric interventions. This study investigates its predictive accuracy in a resource-limited setting to improve fetal surveillance, optimize clinical
decision-making, and enhance neonatal care, particularly where advanced facilities for high-risk pregnancies may be restricted.

Methods: A prospective observational study was conducted at a tertiary hospital in Gujarat from January to July 2023, including 117 singleton
pregnancies diagnosed with FGR. Doppler parameters of the umbilical artery (UA), middle cerebral artery (MCA), and uterine artery (UtA) were
assessed to evaluate their correlation with adverse perinatal outcomes. The study aimed to determine Doppler sonography’s predictive accuracy
in identifying high-risk pregnancies requiring early intervention.

Results: Abnormal Doppler findings significantly correlated with adverse perinatal outcomes (UA: 81.1%, MCA: 82.4%, UtA: 80%, p<0.001).
Increased UA resistance and decreased MCA pulsatility predicted fetal distress, necessitating early intervention. These findings confirm Doppler
sonography’s predictive value in fetal monitoring, particularly in resource-limited settings, for improving neonatal outcomes.

Conclusion: Doppler ultrasound is a valuable, non-invasive tool for detecting high-risk FGR pregnancies, enabling early intervention and
improving perinatal outcomes, especially in resource-limited settings where advanced neonatal care is limited.
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INTRODUCTION

Intrauterine growth restriction (IUGR) represents a being more common and frequently linked to

critical obstetric issue linked to heightened perinatal
morbidity and mortality rates. The condition is defined
by the inability of the fetus to reach its genetically
predetermined growth potential, typically identified
when the estimated fetal weight (EFW) or abdominal
circumference (AC) is below the 10" percentile for the
corresponding gestational age . IUGR is classified in
to symmetrical and asymmetrical types, with the latter
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uteroplacental insufficiency 2. In resource-constrained
settings, where advanced neonatal care may be limited,
early detection and risk stratification using non-invasive
techniques such as Doppler sonography are crucial for
optimizing perinatal outcomes &,

Doppler ultrasound has emerged as a valuable tool in
assessing fetal circulation and placental function,
allowing for early identification of fetal hypoxia and
hemodynamic compromise . The pulsatility index (PI) of
the umbilical artery (UA), the Pl of the middle cerebral
artery (MCA), and the cerebroplacental ratio (CPR) are
frequently utilized Doppler parameters for assessing
fetal well-being in instances of suspected FGR P,
Research indicates that abnormal UA Doppler findings,
especially elevated Pl and absent or reversed end-

diastolic flow, correlate significantly with negative
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perinatal outcomes, such as intrauterine fetal demise,
NICU admission, and perinatal asphyxia ®\. The MCA P],
an indicator of fetal brain sparing, is a critical parameter
for predicting perinatal compromise in fetuses affected
by FGR "],

Despite the proven utility of Doppler sonography in high-
resource settings, its predictive value in resource-limited
contexts, where access to specialized care is restricted,
remains an area of active investigation ®. This research
seeks to determine the predictive significance of Doppler
studies in FGR concerning perinatal outcomes within a
resource-limited environment. This research aims to
evaluate the relationship between Doppler findings and
neonatal outcomes to enhance clinical decision-making
and improve neonatal survival rates in underprivileged
areas.

MATERIALS AND METHODS

This study was a prospective observational analysis
carried out at a tertiary hospital in Gujarat between
January 2023 and July 2023. This study evaluated the
predictive value of Doppler sonography in FGR and its
correlation with perinatal outcomes in a resource-limited
setting. The study included 117 pregnant women with
singleton pregnancies diagnosed with FGR based on
ultrasound parameters. FGR is characterized by an
fetal (EFW)  or
circumference (AC) that falls below the 10" percentile

estimated weight abdominal
for gestational age, which may occur with or without

abnormal Doppler findings.

Inclusion Criteria
* Pregnant women
diagnosed with FGR.

% Gestational age between 28—40 weeks confirmed by

with singleton pregnancies

first-trimester ultrasound.

Exclusion Criteria

7
0.0

Multiple gestations.

7
0.0

Congenital anomalies detected on ultrasound.

7
0.0

Pregnancies complicated by maternal infections,
chromosomal abnormalities

Doppler Evaluation- Doppler ultrasound was performed
using a standardized protocol to assess fetal circulation
and placental function. The following Doppler indices
were measured:

Umbilical Artery (UA) Doppler- Pulsatility Index (Pl),
absent end-diastolic flow (AEDF), and reversed end-
diastolic flow (REDF).

Middle Cerebral Artery (MCA)
cerebroplacental ratio (CPR).

Doppler- Pl and

Uterine Artery Doppler- Pl and presence of bilateral

notching.
All  Doppler studies were conducted by trained
sonographers using a 3.5 MHz transducer, and

measurements were recorded.

Statistical Analysis- Statistical analysis was conducted
using SPSS software version 25.0. Descriptive and
inferential statistics, including chi-square and t-tests,
were applied. A p-value<0.05 was considered statistically
parameters and

significant for assessing Doppler

perinatal outcomes.

RESULTS
This research examined 117 cases to evaluate the
relationship between umbilical artery Doppler patterns
and perinatal outcomes. Among the total cases, 37
(31.6%) had abnormal UA Doppler findings, while 80
(68.4%) had normal patterns. Among the abnormal
(81.1%)
whereas

resulted in adverse perinatal
(18.9%) had
outcomes. In contrast, among the 80 cases with normal

cases, 30

outcomes, only 7 normal
Doppler patterns, 7 (8.8%) had adverse outcomes, while
73 (91.2%) had favorable perinatal consequences. The
correlation between UA Doppler abnormalities and
negative outcomes was statistically significant (x>=58.84,
p<0.001), underscoring the predictive utility of Doppler
sonography in cases of fetal growth restriction. (Table 1).
Among these, 17 (14.5%) had abnormal MCA Doppler
findings, while 100 (85.5%) had normal patterns. Of the
17 abnormal cases, 14 (82.4%) resulted in adverse
perinatal outcomes, whereas only 3 (17.6%) had normal
outcomes. In contrast, among the 100 cases with normal
MCA Doppler patterns, 22 (22%) had adverse outcomes,
while 78 (78%) had favorable perinatal outcomes. The
statistical analysis demonstrated a  substantial
connection between aberrant MCA Doppler findings and
outcomes (x?=19.8, p<0.001),

underlining the necessity of MCA Doppler evaluation in

unfavorable perinatal

fetal growth restriction treatment (Table 2).
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Table 1: UA Doppler pattern and perinatal outcomes

Umbilical Artery Doppler Abnormal Normal Total Chi-Square | p-value
Pattern Outcome Outcome
Abnormal 30 7 37
58.84 <0.001
Normal 7 73 80
Total 37 80 117
Table 2: MCA Doppler pattern and perinatal outcomes
MCA Doppler Abnormal Normal Total Chi-Square p-value
Pattern Outcome Outcome
Abnormal 14 3 17
19.8 <0.001
Normal 22 78 100
Total 36 81 117

Among these, 20 (17.1%) had abnormal UtA Doppler
findings, while 97 (82.9%) had normal patterns. Of the 20
abnormal cases, 16 (80%) resulted in adverse perinatal
outcomes, whereas 4 (20%) had normal outcomes. In
contrast, among the 97 cases with normal UtA Doppler
patterns, 19 (19.6%) had adverse perinatal outcomes,

while 78 (80.4%) had favorable
correlation between abnormal UtA Doppler patterns and

consequences. The

negative perinatal outcomes was statistically significant
(p<0.001), highlighting the importance of UtA Doppler in
forecasting fetal growth restriction and adverse perinatal
outcomes. (Table 3).

Table 3: UtA Doppler pattern and perinatal outcomes

Uterine Artery Doppler Abnormal Outcome Normal Total p-value
Pattern Outcome
Abnormal 16 4 20
<0.001
Normal 19 78 97
Total 35 82 117

DISCUSSION

Doppler sonography was tested for its prognostic utility
in FGR and perinatal outcomes in a resource-constrained
scenario. The results show that umbilical artery (UA),
middle cerebral artery (MCA), and uterine artery (UtA)
Doppler characteristics can identify high-risk pregnancies
and predict poor The high
correlation between aberrant Doppler findings and poor
ultrasound an

newborn outcomes.

perinatal outcomes makes Doppler
important non-invasive fetal surveillance technique.

This study found a substantial association between
umbilical artery Doppler and poor neonatal outcomes. In

instances with aberrant UA Doppler patterns, 81.1% had

unfavorable outcomes, consistent with an earlier study
linking higher UA pulsatility index (PI) to fetal hypoxia ..
Progressive placental insufficiency and fetal impairment
are indicated by UA Doppler end-diastolic flow absence
or reversal % The research found that absent or
reversed end-diastolic flow in UA increased perinatal
mortality fivefold ™. Serial UA Doppler monitoring is
crucial for prompt obstetric treatments such as
corticosteroid injection for fetal lung maturity and
preterm delivery.

The MCA Doppler results in this study further reinforce
the role of cerebral blood flow redistribution as a fetal

adaptive mechanism in response to hypoxia. Among the
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17 cases with abnormal MCA Doppler patterns, 82.4%
had adverse perinatal outcomes. CPR derived from UA
and MCA Doppler indices, has been widely studied as a
key parameter for detecting brain-sparing effects in FGR
fetuses 2. Reduced MCA PI suggests vasodilation due to
hypoxia, often preceding sighs of fetal
deterioration (3. Recent studies indicate that CPR serves
as a superior predictor of adverse perinatal outcomes

overt

compared to UA Pl alone, highlighting its significance in
thorough fetal assessment 4,

The uterine artery Doppler (UtA) findings further
validated its role in detecting impaired placentation and
early-onset FGR. In this study, 80% of abnormal UtA
Doppler cases resulted in adverse perinatal outcomes,
supporting evidence that elevated UtA Pl and bilateral
notching are associated with poor placental perfusion
and preeclampsia . Previous studies have indicated
UtA Doppler patterns are strongly
correlated with early-onset FGR and increased risk of

that abnormal

preterm delivery 1, The integration of UtA Doppler with
UA and MCA Doppler parameters may enhance risk
stratification and management in  pregnancies
complicated by FGR.

This study's primary strength lies in its emphasis on a
resource-limited setting, demonstrating that Doppler
ultrasound can function as a crucial screening tool to
enhance perinatal outcomes in the context of restricted
access to advanced neonatal care 7. However, certain
limitations must be acknowledged. The study's sample
size of 117 cases, while adequate for statistical analysis,
may not fully trends.
Additionally,

techniques and operator-dependent interpretation could

represent population-wide

variability in Doppler measurement
influence findings. Future multicentric studies with larger
sample sizes may further validate these findings and
contribute to the establishment of standardized Doppler-
based protocols for managing FGR in low-resource

settings 8.

CONCLUSIONS

In conclusion, abnormal UA, MCA, and UtA Doppler
parameters are significantly linked to negative perinatal
outcomes. The utilization of Doppler studies in FGR
evaluation allows for early identification of fetal
compromise, guiding timely obstetric interventions to
improve neonatal survival and reduce morbidity. The

findings from this study highlight the importance of

integrating Doppler ultrasound in routine antenatal care,
particularly in resource-limited settings, to enhance fetal
monitoring and optimize perinatal outcomes.
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