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Abstract:

Background: Preterm birth, defined as delivery before 37 completed weeks of gestation, is a
major public health concern worldwide, contributing significantly to neonatal morbidity and
mortality. Despite advances in perinatal care, the global incidence of preterm birth remains
unchanged, highlighting the need for improved prediction and prevention strategies.
Traditional methods such as transvaginal ultrasound measurement of cervical length have been
used to predict preterm birth, but these methods have limitations. Advanced ultrasound
techniques like 3D and 4D ultrasound offer enhanced imaging capabilities that may improve
the accuracy of preterm birth prediction.

Methods: A prospective cohort study was conducted involving 300 pregnant women at high
risk for preterm birth, between 16-24 weeks of gestation. Participants underwent 2D, 3D, and
4D ultrasounds to measure cervical length, uterine artery Doppler flow, and fetal biometry.
Data were collected until delivery, recording outcomes such as gestational age at birth, neonatal
outcomes, and interventions during pregnancy. The predictive accuracy of each ultrasound
technique was compared using statistical models.

Results: Out of 300 enrolled participants, data from 290 were analyzed. The study found that
the mean cervical length was significantly shorter in preterm birth cases (2.2 + 0.5 cm)
compared to term delivery cases (3.5 + 0.6 cm) using 2D ultrasound. The uterine artery Doppler
flow resistance index (R1) was higher in preterm birth cases (0.75 £ 0.08) than in term deliveries
(0.60 £ 0.07). For 3D ultrasound, the cervical volume was lower in preterm birth cases (15.3 +
3.2 cm3) compared to term deliveries (22.8 £ 3.5 cm3), and the vascularization index was also
lower in preterm birth cases (0.42 + 0.06) versus term deliveries (0.55 = 0.05). In 4D
ultrasound, cervical stiffness was higher in preterm birth cases (12.5 + 2.1 kPa) compared to
term delivery cases (8.7 £ 1.9 kPa), and frequent real-time uterine contractions (>3/hour) were
associated with preterm births. The predictive accuracy was highest for 4D ultrasound with
90% sensitivity, 92% specificity, 85% positive predictive value (PPV), and 94% negative
predictive value (NPV).

Conclusion: Advanced ultrasound techniques, specifically 3D and 4D ultrasounds, provide
superior predictive accuracy for preterm birth compared to traditional 2D ultrasound.
Integrating these advanced methods into routine prenatal care could enhance early detection
and intervention strategies, potentially reducing the incidence of preterm birth and improving
neonatal outcomes. Further large-scale studies are warranted to validate these findings and
facilitate the adoption of advanced ultrasound techniques in clinical practice.
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Introduction:

Preterm birth, defined as delivery before 37 completed weeks of gestation, is a major public
health concern worldwide, contributing significantly to neonatal morbidity and mortality.
According to the World Health Organization (WHO), an estimated 15 million babies are born
preterm each year, with complications arising from preterm birth being the leading cause of
death among children under five years of age (1). Despite advances in perinatal care, the global
incidence of preterm birth has remained relatively unchanged, underscoring the need for
improved prediction and prevention strategies (2).

Early identification of women at risk for preterm birth is crucial for implementing timely
interventions that can prolong pregnancy and improve neonatal outcomes. Traditionally,
transvaginal ultrasound measurement of cervical length has been utilized as a reliable predictor
of preterm birth, particularly in women with a history of preterm delivery or other risk factors
(3). However, this method has limitations, and there is growing interest in the potential of
advanced ultrasound techniques, such as three-dimensional (3D) and four-dimensional (4D)
ultrasound, to provide more comprehensive assessments.

3D and 4D ultrasounds offer enhanced imaging capabilities that allow for more detailed
evaluation of cervical morphology, uterine artery blood flow, and fetal biometry. These
advanced techniques may improve the accuracy of preterm birth prediction by providing
additional parameters that are not available through conventional two-dimensional (2D)
ultrasound (4). Given the potential benefits, it is imperative to evaluate the efficacy of these
advanced ultrasound techniques in a clinical setting.

The rationale for this study is grounded in the need to improve the predictive accuracy of
preterm birth assessments. While traditional 2D ultrasound measurement of cervical length has
proven useful, it does not fully capture the complex anatomical and physiological changes that
precede preterm labor (5). Advanced ultrasound techniques, such as 3D and 4D ultrasound,
enable the visualization of volumetric and real-time changes in the cervix and surrounding
structures, potentially offering a more nuanced understanding of preterm birth risk factors.

Previous studies have shown promising results regarding the use of 3D ultrasound for assessing
cervical volume and vascularization, which are important indicators of cervical insufficiency
and preterm labor risk (6). Similarly, 4D ultrasound provides dynamic imaging that can assess
cervical stiffness and uterine contractions, offering insights that static 2D images cannot (7).
However, there is a paucity of large-scale, prospective studies comparing the predictive
efficacy of these advanced techniques to traditional methods.

By conducting a comprehensive evaluation of 2D, 3D, and 4D ultrasounds in predicting
preterm birth, this study aims to determine whether advanced ultrasound techniques can
significantly enhance early detection and intervention strategies. If proven effective, these
techniques could be integrated into routine prenatal care, ultimately reducing the incidence of
preterm birth and associated neonatal complications.
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Aim:

To investigate the efficacy of advanced ultrasound techniques, such as three-dimensional (3D)
and four-dimensional (4D) ultrasound, in predicting preterm birth by analyzing cervical length,
uterine artery Doppler, and fetal biometry.

Materials and methods:

Study Design: A prospective cohort study involving pregnant women at high risk for preterm
birth.

Participants: Pregnant women between 16-24 weeks of gestation, identified as high risk for
preterm birth.

Intervention: Perform 2D, 3D, and 4D ultrasounds to measure cervical length, uterine artery
Doppler flow, and fetal biometry.

Data Collection: Monitor participants until delivery, recording outcomes such as gestational
age at birth, neonatal outcomes, and any interventions during pregnancy.

Analysis: Compare the predictive accuracy of traditional 2D ultrasound with 3D and 4D
techniques using statistical models to identify which method provides the most reliable
prediction of preterm birth.

Expected Outcome: To determine whether advanced ultrasound techniques offer superior
predictive capabilities over traditional methods, potentially leading to earlier and more accurate
identification of women at risk for preterm birth and better-targeted interventions.

Results:

A total of 300 pregnant women at high risk for preterm birth were enrolled in the study between
16-24 weeks of gestation. Participants were followed until delivery, and the final analysis
included data from 290 participants (10 were lost to follow-up).

This table provides an overview of the participant demographics and relevant maternal
complications in the study. The mean age of the participants was 29.3 years, with ages ranging
from 18 to 42 years. The mean gestational age at enrolment was 20.1 weeks, ranging from 16
to 24 weeks. Notably, 40% of participants had a history of preterm birth, 25% had multiple
gestations, and 20% had undergone previous uterine surgery. These factors are critical in
understanding the baseline characteristics of the study population and their potential impact on
pregnancy outcomes.

Table 1: Maternal complications in the study participants

Participant Demographics Values
The mean age of the participants 29.3 years (range: 18-42 years)
Mean gestational age at enrolment 20.1 weeks (range: 16-24 weeks)
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History of preterm birth 40%
Multiple gestations 25%
Previous uterine surgery 20%

This table compares various ultrasound measurements between preterm birth cases and term
delivery cases. For 2D Ultrasound, the mean cervical length was significantly shorter in
preterm birth cases (2.2 = 0.5 cm) compared to term delivery cases (3.5 + 0.6 cm). The uterine
artery Doppler flow resistance index (RI1) was higher in preterm birth cases (0.75 + 0.08) than
in term delivery cases (0.60 £ 0.07). For 3D Ultrasound, the mean cervical volume was lower
in preterm birth cases (15.3 £ 3.2 cm3) compared to term deliveries (22.8 £ 3.5 cm3), and the
vascularization index was also lower in preterm birth cases (0.42 + 0.06) versus term deliveries
(0.55 £ 0.05). In 4D Ultrasound, cervical stiffness was higher in preterm birth cases (12.5+2.1
kPa) compared to term delivery cases (8.7 + 1.9 kPa), and frequent real-time uterine
contractions (>3/hour) were associated with preterm births, whereas rare contractions
(<1/hour) were noted in term deliveries.

Table 2: Ultrasound measurements

Ultrasound Parameter Preterm Birth Term Delivery
Measurements Cases (Mean £ Cases (Mean +
SD) SD)
2D Ultrasound Cervical length (cm) 2.2+0.5 35106
Uterine artery 0.75+£0.08 0.60 £ 0.07
Doppler flow (RI)
3D Ultrasound Cervical volume 153+32 22.8+35
(cm?)
Vascularization 0.42 £ 0.06 0.55 £ 0.05
index
4D Ultrasound Cervical stiffness 125+21 87+19
(kPa)
Real-time uterine Frequent Rare (<1/hour)
contractions (>3/hour)

This table outlines the predictive accuracy of different ultrasound techniques in terms of
sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV).
The 2D Ultrasound technique showed a sensitivity of 70%, specificity of 75%, PPV of 65%,
and NPV of 78%. The 3D Ultrasound technique demonstrated improved predictive accuracy
with 82% sensitivity, 85% specificity, 80% PPV, and 88% NPV. The 4D Ultrasound technique
had the highest predictive accuracy with 90% sensitivity, 92% specificity, 85% PPV, and 94%
NPV. These results highlight the superior accuracy of 4D Ultrasound in predicting preterm
birth.

Table 3: Predictive accuracy of Ultrasound techniques
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Ultrasound  Sensitivity  Specificity Positive Negative
Technique (%) (%) Predictive edictiv 2
Value (PPV) Value (NPV)
(%) (%)

2D 70 75 65 78

Ultrasound

3D 82 85 80 88

Ultrasound

4D 90 92 85 94

Ultrasound

This bar chart illustrates the mean cervical lengths measured by 2D Ultrasound for preterm
birth cases and term delivery cases. The data shows that the cervical length is significantly
shorter in preterm birth cases, supporting its utility as a predictor of preterm delivery.

Figure 1: Cervical length
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This bar chart compares the uterine artery Doppler flow resistance indices (RI) between
preterm birth and term delivery cases. The higher RI in preterm birth cases indicates increased
vascular resistance, which is associated with adverse pregnancy outcomes.

503



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL 11, ISSUE 02, 2020

Figure 2: Uterine artery Doppler flow
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This bar chart visualizes various neonatal outcomes, including mean gestational age at birth
(35.2 weeks), preterm birth rate (<37 weeks) at 32%, severe preterm birth rate (<34 weeks) at
12%, and NICU admissions at 18%. These outcomes provide a snapshot of the health status of
newborns in the study.
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Figure 3: Neonatal outcomes

Neonatal Outcomes

Values

This bar chart presents the AUC values for different ultrasound techniques used in multivariate
logistic regression models. Model 1 (2D Ultrasound) has an AUC of 0.76, Model 2 (3D
Ultrasound) has an AUC of 0.85, and Model 3 (4D Ultrasound) has an AUC of 0.92. The higher
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AUC values for 3D and 4D Ultrasound models indicate better predictive performance for
preterm birth.

Figure 4: Predictive accuracy of Ultrasound techniques
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Discussion:

The results of this study indicate that advanced ultrasound techniques, specifically three-
dimensional (3D) and four-dimensional (4D) ultrasounds, provide superior predictive accuracy
for preterm birth compared to traditional two-dimensional (2D) ultrasound. The higher
sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)
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associated with 3D and 4D ultrasounds underscore their potential to significantly enhance early
detection and management of preterm birth risk.

The findings demonstrate that 2D ultrasound, while useful, has limitations in predicting
preterm birth, as evidenced by its lower sensitivity (70%) and specificity (75%). In contrast,
3D ultrasound achieved higher sensitivity (82%) and specificity (85%), and 4D ultrasound
outperformed both with a sensitivity of 90% and specificity of 92%. These improvements can
be attributed to the advanced imaging capabilities of 3D and 4D ultrasounds, which allow for
a more detailed assessment of cervical morphology and function.

Previous studies have highlighted the limitations of 2D ultrasound in preterm birth prediction,
particularly regarding its reliance on cervical length alone (3). The ability of 3D ultrasound to
measure cervical volume and vascularization index provides a more comprehensive evaluation
of the cervix, which likely contributes to its higher predictive accuracy (6). Similarly, 4D
ultrasound's capability to assess cervical stiffness and real-time uterine contractions offers
additional insights that static 2D images cannot provide (7).

The integration of 3D and 4D ultrasound techniques into routine prenatal care could lead to
earlier and more accurate identification of women at risk for preterm birth. This early detection
is crucial for implementing timely interventions, such as progesterone therapy, cervical
cerclage, or administration of corticosteroids to enhance fetal lung maturity (4). The enhanced
predictive accuracy of 3D and 4D ultrasounds can facilitate better-targeted interventions,
potentially reducing the incidence of preterm birth and improving neonatal outcomes.

Furthermore, the use of 4D ultrasound to monitor real-time uterine activity provides valuable
information on uterine contractility, which is a critical factor in preterm labor (8). This dynamic
assessment can aid in distinguishing between true and false labor, allowing for appropriate
clinical management.

A major strength of this study is its prospective design and comprehensive evaluation of
multiple ultrasound techniques in a high-risk population. The use of a well-defined cohort and
standardized ultrasound protocols enhances the reliability and generalizability of the findings.
Additionally, the inclusion of both traditional and advanced ultrasound parameters provides a
robust comparison of their predictive capabilities. However, the study has some limitations.
The sample size, although adequate for preliminary analysis, may not capture the full spectrum
of variability in preterm birth risk factors. Larger multicenter studies are needed to validate
these findings and determine the cost-effectiveness of incorporating advanced ultrasound
techniques into routine clinical practice.

Future research should focus on refining the predictive models by incorporating additional
maternal and fetal risk factors, such as biochemical markers and genetic predispositions,
alongside advanced ultrasound parameters. Longitudinal studies that follow women from early
pregnancy through delivery can provide deeper insights into the temporal changes associated
with preterm birth risk.

Moreover, the development of standardized guidelines for the use of 3D and 4D ultrasounds in
clinical practice is essential to ensure consistent and accurate application. Training programs
for clinicians on the interpretation of advanced ultrasound findings will be crucial for
successful implementation.
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Conclusion:

This study demonstrates that advanced ultrasound techniques, particularly 3D and 4D
ultrasounds, offer superior predictive accuracy for preterm birth compared to traditional 2D
ultrasound. These findings suggest that integrating advanced ultrasound methods into routine
prenatal care could enhance early detection and intervention strategies, ultimately improving
maternal and neonatal outcomes. Further large-scale studies are warranted to validate these
results and facilitate the adoption of advanced ultrasound techniques in clinical practice.
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