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INTRODUCTION

Gestational diabetes mellitus (GDM) is a significant
public health concern globally and in India. It is
characterized by glucose intolerance with onset or
first recognition during pregnancy. The increasing
prevalence of GDM poses a major threat to maternal
and neonatal health, making it imperative to
understand its implications and improve management

strategies.

ABSTRACT

Background: This study is designed to determine the relationship between
Doppler results in gestational diabetes mellitus and perinatal outcomes.
Materials and Methods: This cross-sectional observational study aimed to
investigate the relationship between Doppler ultrasound findings and perinatal
outcomes in pregnancies complicated by gestational diabetes mellitus (GDM).
Conducted over 18 months at the antenatal clinic of Modern Government
Maternity Hospital in Hyderabad, the study included 156 pregnant women
diagnosed with GDM in their second or third trimester. Participants, recruited
via convenience sampling, underwent biweekly Doppler ultrasound
examinations from 24 weeks of gestation until delivery to measure blood flow
in uterine, umbilical, and middle cerebral arteries.

Results: The majority of participants underwent Doppler assessments of the
umbilical artery, uterine artery and middle cerebral artery with high percentages
of completion across these categories. Findings such as the umbilical artery PI
>95th percentile and the absence or reversal of end- diastolic velocities
highlighted specific fetal circulation concerns. Moreover, arterial blood flow
redistribution and the absence of end diastolic velocities were significant
findings, with notable percentages of participants exhibiting these
abnormalities. Mode of delivery analysis showed a higher rate of vaginal
deliveries compared to cesarean sections.

Conclusion: This study concludes that vigilant prenatal monitoring and timely
interventions are essential to reduce the high incidence of IUGR and cesarean
deliveries. Strengthening comprehensive maternal and neonatal care can
significantly improve perinatal outcomes.

Keywords: Maternal outcomes, Neonatal outcomes, Intrauterine growth
restriction (IUGR), Umbilical artery PI, Middle cerebral artery.

Globally, the prevalence of GDM is increasing,
reflecting the rising rates of obesity and type 2
diabetes. Studies indicate that approximately 7-10%
of pregnancies worldwide are affected by GDM,
although this figure can vary widely depending on the
population and diagnostic criteria used. The
International Diabetes Federation (IDF) estimates
that one in six pregnancies is affected by
hyperglycemia, with the majority of cases being due
to GDM. The consequences of GDM are profound,
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contributing to both immediate and long-term health
issues for mothers and their offspring.[!-?

The importance of addressing GDM is underscored
by its associated complications, which include an
increased risk of preeclampsia, cesarean delivery,
and type 2 diabetes later in life for the mother. For the
fetus, GDM increases the risk of macrosomia, birth
injuries, and metabolic disorders. Moreover, children
born to mothers with GDM are at higher risk of
developing obesity, glucose intolerance, and
metabolic syndrome in their later years.

In India, the burden of GDM is particularly
concerning due to the high prevalence of diabetes and
the unique genetic and lifestyle factors present in the
population. Recent studies have shown that the
prevalence of GDM in India ranges from 10% to
14%, with some regions reporting even higher rates.
The National Family Health Survey (NFHS) has
highlighted the increasing incidence of diabetes in
Indian women of reproductive age, further
exacerbating the risk of GDM. The high prevalence
of GDM in India can be attributed to various factors,
including genetic predisposition, sedentary lifestyle,
and dietary habits. Additionally, the rapid
urbanization and transition from traditional diets to
high-calorie, low-nutrient foods have contributed to
the increasing rates of obesity and diabetes, which are
significant risk factors for GDM.[3!

Addressing GDM is crucial for improving maternal
and neonatal health outcomes. Effective management
of GDM can significantly reduce the risk of
complications during pregnancy and childbirth,
leading to healthier mothers and babies. Furthermore,
early detection and intervention can help prevent the
progression of GDM to type 2 diabetes, thereby
reducing the long-term burden on the healthcare
system. !

The rationale for studying GDM and its management
lies in the potential to improve health outcomes
through early diagnosis and appropriate intervention.
Given the significant impact of GDM on both
maternal and fetal health, understanding the
pathophysiology, risk factors, and optimal
management strategies is essential. Doppler
ultrasound, as a non-invasive diagnostic tool, offers
valuable insights into fetal well-being by measuring
blood flow in various fetal vessels, making it a
critical component of prenatal care for women with
GDM. This study aims to explore the relationship
between Doppler ultrasound findings and perinatal
outcomes in pregnancies complicated by GDM. This
study seeks to provide a comprehensive analysis of
the predictive validity of Doppler ultrasound in
identifying adverse neonatal outcome. By focusing
on a population in India, this study will also
contribute to the understanding of GDM in a high-
risk population, there by providing valuable data that
can inform clinical practice and public health
policies.!

MATERIALS AND METHODS

This study was conducted as a cross-sectional
observational study. The researchfocused on
examining the relationship between Doppler
ultrasound findings and perinatal outcomes in
pregnancies complicated by gestational diabetes
mellitus (GDM). The study was carried out at the
antenatal clinic of Modern Government Maternity
Hospital (MGMH) in Petlaburj, Hyderabad. This
tertiary care center provided a comprehensive setting
for managing high-risk pregnancies, including those
affected by GDM. The study spanned a period of 18
months, from January 2022 to June 2023. This
duration allowed for the inclusion of a sufficient
number of participants and the thorough follow-up of
perinatal outcomes.

The study population consisted of pregnant women
diagnosed with GDM who attended the antenatal
clinic at MGMH. These women were in their second
or third trimester of pregnancy and were receiving
routine prenatal care at the hospital.

Inclusion criteria

Pregnant women with a confirmed diagnosis of
GDM, Singleton pregnancies with Gestational age
between 24 and 36 weeks.

Exclusion criteria

Multiple pregnancies, Women with a prior history of
chronic diseases such as hypertension, cardiovascular
disease, or renal disorders with known fetal
anomalies.

A total of 156 pregnant women meeting the inclusion
criteria were enrolled in the study.

The sample size was determined based on previous
studies and statistical calculations to ensure sufficient
power to detect significant associations. Convenience
sampling was employed to recruit participants.
Pregnant women who met the inclusion criteria and
attended the antenatal clinic during the study period
were invited to participate. Participants were
recruited during their routine antenatal visits. After
obtaining informed consent, detailed demographic
and clinical data were collected from each
participant. Doppler ultrasound examinations were
performed biweekly from 24 weeks of gestation until
delivery. The ultrasounds measured blood flow in the
uterine, umbilical, and middle cerebral arteries.

Data collection involved gathering information on
maternal demographics, medical history, and
pregnancy-related parameters. Doppler ultrasound
findings, including systolic/diastolic  ratios,
pulsatility indices, and resistance indices, were
recorded. Perinatal outcomes such as birth weight,
Apgar scores, and the need for neonatal intensive care
unit (NICU) admission were documented.

Doppler ultrasound, performed using a high-
resolution ultrasound machine equipped with color
Doppler capability. Standardized protocols were
followed to ensure consistency in measurements.
Independent and Outcome Variables as Maternal age,
Body mass index (BMI), Gestational age at diagnosis,
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Doppler ultrasound indices are collected. Outcome
variables as Birth weight, Apgar scores at 1 and 5
minutes, NICU admission, Incidence of intrauterine
growth restriction (IUGR) and Mode of delivery.
Ethical approval for the study was obtained from the

withdraw from the study at any time without affecting
their medical care.

Statistical Analysis: Statistical analysis was
performed using SPSS version 25.0. Descriptive
statistics were used to summarize the data, including

Institutional Ethics Committee of MGMH. Informed
consent was obtained from all participants before
enrollment. Participants were assured of the
confidentiality of their data and their right to

means, medians, and standard deviations for
continuous  variables, and frequencies and
percentages for categorical variables.

RESULTS
Table 1: Demographic details in present study.
Maternal Age Frequency Percentage
<20 18 11.54
21-25 28 17.95
26-30 28 17.95
>30 82 52.56
Total 156 100.0
Gestational Age at Delivery
<38 133 85.26
38/40 16 10.26
>40 7 4.49
Doppler Indices
Normal 94 60.26
Abnormal 62 39.74
BMI
Normal 65 41.67
Overweight 47 30.13
Obese 44 28.21

normal Doppler indices, while 39.74% (62 cases) had
abnormal Doppler indices. The normal BMI category
had the highest frequency (41.67%), followed by
overweight and obese categories.

The majority of the participants were above 30 years
old, accounting for 52.56% of the total sample size.
Most deliveries occurred before 38 weeks of
gestation, representing 85.26% of the cases. Out of a
total of 156 cases, 60.26% (94 cases) exhibited

Table 2: Maternal and fetal outcome in present study

Birth Weight Frequency Percentage
Normal 80 51.3
LGA 58 37.2
SGA 18 11.5
Apgar Score at 1 Min

<8 122 78.21
>8 34 21.79
Apgar Score at 5 Minutes

<8 52 33.3
>8 104 66.7
NICU Admission

No 117 75.0
Yes 39 25.0
IUGR

No 102 65.6
Yes 54 34.5
Mode of Delivery

Cesarean 62 39.74
Vaginal 94 60.26

The majority, 51.3% (80 cases), had

normal birth

weights. Large for gestational age (LGA) infants
accounted for 37.2% (58 cases), while small for
gestational age (SGA) infants represented 11.5% (18
cases). In Apgar scores at 1 minute after birth
newborns had an Apgar score of less than 8 (78.21%).

A quarter of the newborns required NICU admission
(25.00%).

The data reveals that 65.6% (102 cases) did not
experience IUGR, while 34.5% (54 cases) did.
Vaginal deliveries were more common (60.26%)
compared to cesarean sections.
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Table 3: Tabulation of Doppler Umbilical Artery

Doppler Umbilical Artery Frequency Percentage
Yes 156 100.00
Doppler Middle Cerebral Artery

Yes 43 27.6
No 113 72.4
Umbilical Artery PI >95th Percentile

No 106 68.0
Yes 50 32.0
Absence/Reversal of End-Diastolic Velocities

No 132 84.62
Yes 24 15.38
Arterial Blood Flow Redistribution

No 101 64.74
Yes 55 35.26
Absence of End-Diastolic Velocities in Thoracic Aorta

No 120 76.92
Yes 36 23.08

Table confirms that Doppler assessments of the
umbilical artery were performed for all participants
(100.00%). The majority, 72.4% (113 cases), showed
no abnormal findings, while 27.6% (43 cases) had
abnormal Doppler readings. Umbilical Artery
Pulsatility Index (PI) greater than the 95th percentile

shows that out of 156 participants, 68% (106 cases)
had a PI within the normal range, while 32% (50
cases) had a PI above the 95th percentile. Absence or
reversal of end-diastolic velocities abnormality was
present in 15.38% of the cases. This condition was
found in 35.26% of the participants.

Table 4: Tabulation of

Absence of End-Diastolic Velocities in ThoracicAorta Freq. Percent
No 120 76.92
Yes 36 23.08
Total 156 100.00

[Table 4] provides the distribution of the absence of
end-diastolic velocities in the thoracic aorta. This
abnormality was present in 23.08% of the cases.

DISCUSSION

The distribution of maternal BMI in this study
showed a substantial proportion of participants
within the normal BMI range, followed by those who
were overweight and obese. This is consistent with
previous findings indicating that GDM can occur
across a wide range of BMI categories, highlighting
the importance of monitoring and managing GDM
regardless of maternal weight status.[®! Birth weight
analysis revealed that over half of the newborns were
underweight, suggesting potential nutritional or
metabolic issues during pregnancy. This finding
aligns with existing literature on the impact of GDM
on fetal growth and the risk of intrauterine growth
restriction (IUGR), necessitating closer nutritional
and metabolic monitoring of pregnant women with
GDM to improve fetal outcomes.

Apgar scores at 1 and 5 minutes post-birth
predominantly showed scores of less than 8§,
indicating the need for immediate and effective
neonatal intervention. This observation underscores
the importance of rigorous neonatal care protocols for
infants born to mothers with GDM, as they are at
higher risk for complications requiring prompt
medical attention.[”! The study found that a quarter of
the newborns required NICU admissions, further
emphasizing the need for enhanced neonatal care and

preparedness to manage potential complications
associated with GDM pregnancies. The findings
suggest that comprehensive perinatal care, including
regular Doppler ultrasound monitoring and neonatal
support, is crucial for managing high-risk
pregnancies and improving neonatal outcomes.[®]
Additionally, the detailed examination of Doppler
ultrasound findings, including systolic/diastolic
ratios, pulsatility indices, and resistance indices,
provided critical insights into fetal well-being in
pregnancies complicated by GDM. The observed
abnormalities in doppler indices, such as increased
umbilical artery resistance and abnormal middle
cerebral artery flow, were associated with adverse
perinatal outcomes like low birth weight and
increased NICU admissions. These results are
consistent with prior studies highlighting the utility
of Doppler ultrasound in predicting and managing
adverse outcomes in GDM pregnancies.””) Overall,
the study highlights the vital role of early and regular
Doppler assessments in identifying at-risk fetuses
and enabling timely interventions to mitigate adverse
perinatal outcomes in pregnancies complicated by
GDM.[I!I

The extensive use of Doppler ultrasound assessments
in this study provided a comprehensive evaluation of
fetal circulation in pregnancies complicated by
GDM. The high completion rates of Doppler
assessments for the umbilical artery, inferior vena
cava, right hepatic vein, ductus venous, and
descending aorta underscore the feasibility and
reliability of these measurements in clinical practice.
The identification of abnormalities, such as the
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umbilical artery PI >95th percentile and the absence
or reversal of end-diastolic velocities, indicates a
heightened risk for adverse fetal outcomes. These
findings are consistent with prior research
demonstrating that abnormal Doppler indices are
associated with increased risks of fetal hypoxia and
poor perinatal outcomes.!!]

Arterial blood flow redistribution, observed in a
significant portion of the study population, is
indicative of fetal compensatory mechanisms in
response to suboptimal intrauterine conditions. The
absence of end-diastolic velocities in the thoracic
aorta further highlights potential fetal distress and
compromised blood flow, necessitating close
monitoring and timely intervention to mitigate
adverse outcomes . These Doppler findings are
crucial for informing clinical decisions, such as the
timing of delivery and the need for additional
interventions to ensure fetal well-being.!'?)

The mode of delivery analysis revealed a higher rate
of vaginal deliveries compared to cesarean sections,
which could be reflective of the hospital's protocols
favoring vaginal births when medically feasible. This
finding aligns with current obstetric guidelines that
promote vaginal delivery as the preferred mode of
birth, provided there are no contraindications.
However, the decision for cesarean delivery in
certain cases likely stems from the need to address
specific maternal or fetal complications identified
through Doppler assessments and other clinical
evaluations.!”]

Overall, the study's findings reinforce the importance
of Doppler ultrasound in managing high-risk
pregnancies, particularly those complicated by
GDM. The ability to detect fetal circulation issues
early and monitor them throughout pregnancy allows
for tailored interventions aimed at improving
perinatal outcomes. This study contributes to the
growing body of evidence supporting the integration
of Doppler ultrasound into routine prenatal care for
women with GDM. Future research should focus on
longitudinal studies to further elucidate the long-term
impacts of these Doppler findings on neonatal and
childhood development.['?]

The integration of Doppler ultrasound assessments in
the management of pregnancies complicated by
GDM offers valuable insights into fetal well-being
and facilitates timely clinical interventions. The study
highlights significant associations between abnormal
Doppler indices and adverse perinatal outcomes,
underscoring the need for regular monitoring and
comprehensive care in high-risk pregnancies. By
improving early detection and management of
potential complications, healthcare providers can
enhance maternal and neonatal health outcomes in
this vulnerable population.

Strengths and limitations: The study utilized
Doppler ultrasound, a non-invasive and widely
accessible tool, to monitor fetal blood flow, providing
real-time insights into fetal well-being and enabling
timely interventions. Conducted in a tertiary care
center with comprehensive facilities for managing

high- risk pregnancies, the study ensured a robust
setting for accurate data collection and follow-up of
perinatal outcomes. The inclusion of a sizable sample
of 156 participants over an 18-month period allowed
for a thorough examination of the relationship
between Doppler findings and perinatal outcomes,
enhancing the study's statistical power.

Limitations: Convenience sampling may introduce
selection bias, as participants who attended the
antenatal clinic during the study period might not be
representative of all pregnant women with GDM. The
study's cross-sectional design limits the ability to
establish causality between Doppler ultrasound
findings and perinatal outcomes, as it captures data at
a single point in time rather than over an extended
period. Potential confounding variables, such as
variations in prenatal care practices and maternal
health behaviors, might influence the study results,
despite the use of multivariate logistic regression to
adjust for confounders.

CONCLUSION

The comprehensive analysis of maternal and neonatal
outcomes in this study highlights significant findings
that underscore the importance of vigilant monitoring
and targeted interventions in perinatal care. The
incidence of intrauterine growth restriction (IUGR)
was 34.5%, and 39.74% of deliveries were cesarean
sections, highlighting the prevalence of growth-
related issues and surgical interventions. The findings
related to Doppler assessments, such as the presence
of abnormal umbilical artery PI and middle cerebral
artery readings, underscore the importance of these
diagnostic tools in detecting potential complications.
Overall, the study wunderscores the need for
comprehensive prenatal and postnatal care to
improve maternal and neonatal health outcomes.
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