
 

 

Genetics and Molecular Research 25 (7s): 2026                    1 

ADVANCED FETAL IMAGING: EVALUATING THE ROLE OF 

HIGH-RESOLUTION ULTRASOUND IN DETECTING EARLY 

PERINATAL ANOMALIES 
 
Dr. V Rahul1*, Dr. Vineeta Gautam2, Dr Somesh Aravindan3, Dr Ashish Kumar Shukla4, Dr. Sachin N. Kapse5,  

Dr Atul Dwivedi6 

 
*1Junior Resident (JR-3), MD Pediatrics Department of Pediatrics, KLE Hospital, Rajiv Gandhi University of Health Sciences (RGUHS) Email ID: 
vadugurirahul@gmail.com 
2Assistant Professor, Department of Pediatrics, Jawaharlal Nehru Medical College, KLE Academy of Higher Education & Research (KAHER) Email 

ID: vineeta.bims@gmail.com 
3Junior Resident, Department of Orthopaedics, Saveetha medical college and hospital, SIMATS University Chennai, 602105, Tamil Nadu. ORCID ID: 

0009-0007-4403-5888 Email ID: somesharavindan@gmail.com  
4Professor, Department of Radiodiagnosis, Santosh Medical College, Ghaziabad (NCR), Santosh Deemed to Be University, Ghaziabad ( NCR) India 
Email ID: drashish07@rediffmail.com  ORCID ID:0000-0002-3232-5382  
5Associate Professor, Department of Pharmaceutical Chemistry, SES’s Matoshri College of Pharmacy, Mhasrul, Nashik, 422004, Maharashtra, India. 

Email ID: sachinkapse4@yahoo.co.in  
6Dean and Professor, Department of Clinical and Basic Sciences, kyrgyz International University NRZ, Kiunrz, Bishkek, Kyrgyz Republic Pincode: 

720000 Email ID: dratul2017bly@gmail.com 

 

ABSTRACT 

Objective: Early identification of perinatal anomalies remains a central goal in contemporary prenatal care due to its 

influence on pregnancy management and neonatal outcomes. The present study aimed to evaluate the effectiveness of 

early prenatal assessment in detecting perinatal anomalies and to examine detection patterns across gestational age 

intervals within a routine clinical setting. 

Methods: A prospective observational study was conducted at a tertiary perinatal care centre. Pregnant women with 

singleton pregnancies presenting during early gestation were enrolled consecutively. Maternal demographics and 

gestational age were recorded at assessment. Perinatal anomalies were classified by organ system and clinical severity. 

Outcomes included anomaly detection, gestational age at detection, and confirmation status on follow-up. Descriptive 

statistical analysis was applied to summarise findings. 

Results: A total of 180 pregnancies were analysed. Perinatal anomalies were identified in 41 cases, with central nervous 

system and cardiovascular anomalies representing the most frequent categories. Early gestational assessment 

demonstrated high confirmation rates for detected anomalies. Detection rates were highest during the earliest gestational 

interval and declined as gestational age advanced. The majority of detected anomalies were confirmed on follow-up 

evaluation, supporting diagnostic reliability during early assessment. 

Conclusion: Early prenatal assessment facilitated effective detection of clinically relevant perinatal anomalies and 

demonstrated higher diagnostic yield during early gestation. These findings supported the integration of early anomaly 

assessment into routine perinatal care to enhance diagnostic preparedness and clinical decision-making. 
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INTRODUCTION 

Perinatal anomalies represent a serious problem in contemporary obstetric and neonatal practice, leading to considerable 

morbidity of fetuses, neonatal mortality, and developmental impairment in the long term.1 Both structural and functional 

developmental abnormalities that develop in fetal life affect the outcome of pregnancy, delivery plans, neonatal care, and 

a lifetime health trajectory.2 Errors in the central nervous system, cardiovascular system, skeletal structures, and visceral 

organs are a significant percentage of adverse perinatal outcomes experienced all over the world.3 Early prenatal diagnosis 

facilitates effective parental counselling, specific antenatal care, and early referral to specialised perinatal facilities, which 

minimises the complications that are avoidable and enhances the survival of the newborns.4 As more and more weight 

has been given to preventive and accuracy-focused obstetrics, precise early diagnosis has become a primary goal of 

perinatal medicine. 

The imaging of fetuses has advanced from its simplicity to extensive anatomical and functional evaluation at gestational 

stages.5 Screening during the second trimester of pregnancy created a standardised approach to prenatal diagnosis, but 

new technological opportunities have gradually expanded diagnosis opportunities into earlier trimesters.6 High-frequency 

transducers, better spatial resolution and optimised imaging protocols are some of the innovations that have enhanced the 

visualisation of complex fetal structures.7 Simultaneously, adjunct modalities like fetal magnetic resonance imaging have 

helped to increase the level of confidence of diagnostics in complicated or unclear cases, especially of neurological and 

thoracoabdominal defects.8 This change is one of the transitions to anticipatory diagnosis, interdisciplinary integration, 

and personalised perinatal care planning. 
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The use of high-resolution ultrasound has become a primary device in modern prenatal diagnostics, and it provides a 

high-quality image and better definition of fetal anatomy in the early gestation period. 9 The technological improvement 

of ultrasound enables the examination of the neurodevelopmental indicators, cardiac morphology, and placental and fetal 

growth patterns with the growing accuracy of the diagnosis.10 High-resolution ultrasound used early on in the gestation 

period also helps in the detection of minor structural anomalies that may not be detected at a later pregnancy stage.11 Its 

non-invasive aspect, real-time imaging effects, affordability, and its prevalence enhance ultrasound as the major aid in 

routine prenatal screening and focused fetal evaluation.12 High-resolution ultrasound is based on these properties and 

therefore constitutes a basis for early detection of perinatal anomalies in clinical practice. 13Although these are the 

benefits, the early diagnosis of perinatal anomalies is still being challenged by various factors in clinical practice.14 

Diagnostic accuracy during the first trimester is still influenced by gestational age at screening, fetal position, maternal 

factors, and operator skill, which affects a uniform diagnostic result in different healthcare facilities.15 

The growing sophistication of fetal assessment and the requirement to improve the sensitivity of the diagnostic methods 

have also raised the demand to standardise early fetal screening strategies to balance sensitivity with clinical feasibility.16 

The comprehensive assessment of the fetus has proven to hold promising diagnostic potential; its systematic application 

still faces constraints due to the training requirements and resource accessibility, especially in low-resource settings.17 

The state-of-the-art imaging and analytical technologies are growing and broadening the diagnostic frontier of early 

prenatal assessment.18 Enhanced evaluation of fetal cardiac function and central nervous system development has 

demonstrated improved characterisation of complex anomalies during early gestation.19 Routine ultrasound screening 

during the late first trimester has further shown potential in identifying non-chromosomal abnormalities earlier than 

traditionally expected.20 These advancements underscore the importance of systematically evaluating the clinical 

contribution of high-resolution ultrasound in early perinatal anomaly detection. Addressing existing diagnostic gaps 

through evidence-based assessment remains essential for optimising early perinatal care and improving pregnancy 

outcomes. 

There is an advancement in technology, but inconsistency is still observed in the timely diagnosis of perinatal defects in 

clinical practices. The quality of diagnostic diagnoses is also dependent on gestational age, experience of operators, 

quality of equipment and institutional screening guidelines. Minor anomalies are likely to have changing morphological 

appearances that make early interpretation hard. The lack of consistency in the integration of high-resolution ultrasound 

into the early screening pathways restricts the consistency in the adoption, and the differences between the reported 

diagnostic performance and routine clinical outcomes are not yet eliminated. These challenges need to be addressed to 

examine the strategies of diagnostics and enhance the early perinatal care. 

 

Objectives of the Study 

1. To evaluate the effectiveness of high-resolution ultrasound in detecting early perinatal anomalies during routine 

prenatal assessment. 

2. To assess the clinical contribution of high-resolution ultrasound findings in supporting early perinatal risk stratification 

and prenatal management decisions. 

 

MATERIALS AND METHODS 

Study Design and Setting 

The study design adopted was a potential observational study that was aimed at evaluating the early identification of 

perinatal anomalies in the context of normal prenatal care. The research was carried out in a tertiary perinatal care unit, 

which offered full obstetric and fetal evaluation services. The study period was predetermined, and data collection was 

done by enrolling eligible pregnant women undergoing regular prenatal checkups. The clinical environment facilitated 

standardised procedures in the diagnosis and multidisciplinary control. This was designed to provide systematic 

observation of prenatal outcomes in clinical circumstances in the natural setting, but not subject to interventional bias. 

 

Study Population  

The population used in the study included pregnant women who came to seek a routine prenatal check-up at the early 

stage of gestation. The respondents were recruited sequentially to minimise selection bias. Maternal demographic data, 

obstetric history and the gestational age were noted at enrolment. The eligibility was defined within the set criteria to 

ensure uniformity of the research cohort. Only the pregnancies that passed the eligibility criteria and were followed up 

were finally analysed. Informed consent was provided to all the participants with their willingness to participate in the 

study, and confidentiality was guaranteed throughout the study. 

 

Inclusion Criteria 

The study involved pregnant women who tested positive for singleton pregnancies and who attended early gestation. They 

had to be participants having an established gestational age, which was established by standard obstetric examination. 

Women who attended the planned prenatal check-ups and postnatal check-ups were said to be eligible. There were low-

risk and high-risk pregnancies to represent normal clinical practice. The cases were only included in the study where there 

were complete clinical records to facilitate proper outcome evaluation. 

 

Exclusion Criteria 

Multiple gestation pregnancies were not accepted because of high levels of diagnostic challenges. Cases that had been 

confirmed to have chromosomal abnormalities in the past were not considered. The participants who had missing clinical 

records, were lost to follow-up, or had missing prenatal assessment data were not analysed. Pregnancies with severe 
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maternal conditions that hampered regular prenatal care were also eliminated. The criteria were used in order to have 

diagnostic consistency and reliability among the study population. 

 

Timing of Fetal Assessment 

Early gestational fetal assessment was done in line with the routine prenatal care programs. All participants had to record 

their gestational age at the time of evaluation. There are early tests aimed at measuring structural abnormalities that are 

observable in the early part of fetal growth. Follow-ups were done at the clinical discretion to clarify or validate suspected 

results. Such a timing plan enabled the evaluation of the possibilities of early detection and was consistent with the usual 

practice of prenatal monitoring. 

 

Classification of Perinatal Anomalies 

Perinatal anomalies that were identified were categorised based on the organ system affected, and these included 

neurological, cardiovascular, musculoskeletal, gastrointestinal, genitourinary and thoracic. Classification was done by 

using accepted prenatal diagnostic models in order to be consistent. Additional classification was done according to the 

severity of clinical anomalies and the perinatal consequences that they might cause. In the instance of several anomalies, 

the conditions were recorded separately. This has formed a systematic classification to analyse the anomaly patterns and 

clinical relevance. 

 

Outcome Measures 

The results of the study had been established before the data gathering. The main findings were that perinatal structural 

anomalies in the early gestation period were identified in the initial stage of prenatal assessment, which were confirmed 

in the follow-up evaluation or clinical records. The secondary outcomes were the gestational age at which anomalies were 

identified, the distribution of anomalies in the main systems of fetal organs, and the proportion of follow-up 

recommendations or choices on a referral based on early anomaly detection. The choice of these outcome measures was 

based on the need to measure diagnostic effectiveness and clinical relevance of early perinatal anomaly detection. 

 

Statistical Analysis 

The statistical analysis was done by use of normal statistical software. Maternal characteristics, gestational age and 

anomaly distribution were summarised using descriptive statistics. Frequencies and percentages were used to show the 

categorical variables, whereas mean and standard deviation were used to show the continuous variables. Confidence 

intervals were used to calculate the detection rates. To determine differences in gestation age groups, comparative analyses 

were done. The analysis used a predetermined degree of statistical significance. 

 

RESULTS 

Baseline Maternal and Fetal Profile of the Study Cohort 

The baseline maternal and fetal characteristics of 180 pregnancies included in the study. The cohort was represented by 

the women who were assessed in early gestation, and this gave a uniform time frame of evaluation as indicated in Table 

1. Pregnancies were all singleton, and this guaranteed homogeneity of gestational status. The population used in the study 

included both the high risk and low-risk pregnancies, and this ensured that the stratification could be meaningfully applied 

in the analysis. The table presented a brief description of the demographic and clinical profiles of the pregnancies provided 

as a preliminary outline of the following maternal and fetal outcome analyses. 

 

Table 1. Maternal and Fetal Baseline Characteristics (n = 180) 

Characteristic Value 

Mean maternal age (years) 28.6 ± 4.9 

Gestational age at assessment (weeks) 13.2 ± 1.8 

Singleton pregnancies 180 (100%) 

High-risk pregnancies 62 (34.4%) 

Low-risk pregnancies 118 (65.6%) 

 

Pattern and Distribution of Identified Perinatal Anomalies 

The perinatal anomalies were 41 cases that were not distributed equally across fetal organ systems. Abnormalities of the 

central nervous system occupied the topmost position, and cardiovascular defects occupied second position, which 

indicates the prevalence of neurologic and cardiac abnormalities, as indicated in Table 2. The musculoskeletal anomaly 

was significant, and the genitourinary anomaly was less common. There were relatively fewer gastrointestinal and 

thoracic anomalies among the study population. The cumulative distribution was more typical of large structural 

anomalies as compared to minor ailments. This trend emphasised the clinical significance of prenatal evaluation in the 

detection of trends in organ formation during the initial stages of gestation. 

 

Table 2. Distribution of Detected Perinatal Anomalies (n = 41) 

Organ System Number of Cases Percentage (%) 

Central nervous system 12 29.3 

Cardiovascular system 10 24.4 

Musculoskeletal system 8 19.5 
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Genitourinary system 6 14.6 

Gastrointestinal system 3 7.3 

Thoracic anomalies 2 4.9 

Total 41 100 

 

Confirmation Patterns Following Early Prenatal Anomaly Detection 

The frequency of perinatal anomalies between confirmed and unconfirmed cases in the aftermath of early prenatal 

assessment. Figure 1 shows that a considerably large proportion of cases were registered as confirmed compared to those 

that were not confirmed. The largest number of anomalies detected were confirmed cases, which showed that there was 

high diagnostic reliability during early gestational examination. Conversely, the low percentage of cases that were not 

confirmed during follow-up evaluation is indicative of the constraints related to subtle or changing anatomical 

characteristics in a young fetus. The early diagnosis was mostly related to confirmed findings, which proved the efficiency 

of early prenatal diagnosis assessment in detecting clinically significant perinatal abnormalities. 

 

 
Figure 2. Diagnostic Confirmation of Detected Perinatal Anomalies 

 

Gestational Variation in Early Perinatal Anomaly Detection Rates 

The rates of detection of perinatal anomalies are distributed across various gestational age groups of prenatal assessment. 

The highest rate of detection was recorded in the initial gestational window, which implies greater detection of anomalies 

in early stages of fetal development, as illustrated in Figure 2. There was a progressive decreasing trend in the detection 

with the increasing gestation age, indicating the changes in anatomical visibility and presentation of anomalies with age. 

The medium period of gestation showed average levels of detection, whereas the lowest levels were at the end of fifteen 

weeks of gestation. This tendency emphasised the clinical value of at-risk assessment in the gestation period to achieve 

the optimal outcome in the detection of perinatal anomalies. 

 

 
Figure 2. Gestational Age-Wise Detection of Perinatal Anomalies 
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DISCUSSION 

The study revealed that early prenatal evaluation was able to identify perinatal anomalies in a normal clinical practice 

setting. Baseline factors depicted that the population of singleton pregnancies was representative and that a significant 

percentage of the population underwent early pregnancy assessments, which indicated the effectiveness of early screening 

practices (Table 1). The presence of a wide range of anomalies was detected, and cardiovascular and central nervous 

system anomalies took the most significant proportions (Table 2). Early diagnostic assessment was observed to be reliable, 

as indicated by high confirmation rates after early detection (Figure 1). Also, the highest rates of detection were observed 

at the first gestational window and decreased with gestational age (Figure 2). These results highlighted the importance of 

early gestational assessment as a way of improving the diagnostic outcome and clinical readiness. 

Perinatal anomalies are significant issues whose early detection has significant consequences in clinical decision-making 

and prenatal care. Practical diagnosis was made in time, promoting individualised counselling, risk classification and 

referral to specialised perinatal services. Early gestation detecting significant structural abnormalities also had the 

possibility of preemptive planning of pregnancy monitoring, delivery planning and neonatal needs. Early diagnosis was 

also useful in providing psychosocial help and enlightening parents. In the regular prenatal practice, the early detection 

of abnormalities enhanced continuity of care and enhanced coordination between obstetric, neonatal and subspecialty 

teams. These clinical implications affirm the need to incorporate the early anomaly evaluation into the regular modes of 

perinatal care. 

The results were consistent with the existing literature, which showed better fetal condition diagnosis by the use of 

superior prenatal imaging methods. In the literature, the improved visualisation of gastrointestinal and alimentary tract 

abnormalities with the help of modern ultrasound techniques was described, and it confirms the early detection of 

structural pathology.21 The studies evaluating cortical maturation and fetal growth retardation pointed to the utility of 

high-resolution imaging in identifying minor developmental changes to supplement the evaluation of early anomalies.22 

The studies of the first trimester of cardiac imaging revealed better identification of congenital heart disease in early 

gestation, which is in accordance with the high rates of cardiovascular anomalies in the current study.23 The research 

studying umbilical cord and placental measurement strengthened the general application of advanced imaging in fetal 

evaluation.24 New studies that involved the use of artificial intelligence also hinted at the possibility of further 

enhancement of the earlier identification of abnormalities in the brain. 25 

One of the strongest aspects of early prenatal imaging was its non-invasive nature, real-time evaluation and its flexibility 

in everyday clinical practice. The visualisation with high resolution allowed a thorough appraisal of growing fetal 

structures in the initial stages of gestation, which could be used in the detection of major and progressive anomalies. The 

method allowed repeated measures that were radiation-free, and it was highly available in different clinical practices. Its 

implementation into routine prenatal processes enabled early abnormalities to be identified without causing more process 

overhead. This cohort of strengths played a role in the attainment of high confirmation rates after early detection, and the 

clinical utility of early prenatal imaging in perinatal medicine was strengthened. 

Several constraints were to be taken into account. The research was held in one tertiary care facility, which can be one of 

the reasons why it cannot be generalised to other healthcare environments. Prenatal imaging variability may be operator-

dependent and thus affect detection rates. Some anomalies have subtle or progressive morphological shapes but might not 

have been detectable in early gestation, and this has added to non-confirmed results. Not all cases were provided with the 

longer-term postnatal follow-up, which may have restricted the ability to verify the outcomes. Despite these constraints, 

the validity of outcomes was reinforced by the structured approach to the study and the representative cohort. 

Future studies ought to be multicenter research to confirm the results on early detection in a heterogeneous population 

and clinical setting. Emerging technologies, such as the use of artificial intelligence to analyse images, can be more 

integrated to increase diagnostic accuracy in the early gestation stage. Neurodevelopmental and neonatal longitudinal 

studies to determine the outcomes of early anomaly detection would be of great assistance in terms of the clinical impact 

over time. Consistency and diagnostic performance can also be enhanced by standardisation of early screening procedures 

and training programs. Through further innovation in fetal imaging, more enhancement is anticipated to be made in 

precision-based perinatal care. 

 

CONCLUSION 

The study provided evidence that early prenatal assessment played a significant role in the identification of perinatal 

anomalies within routine clinical care. Early identification of abnormalities showed excellent diagnostic value and a high 

confirmatory rate of follow-up evaluation. The abnormalities identified were mostly of the central nervous system and 

the cardiovascular structures, which are prevalent patterns of abnormalities with clinically significant perinatal outcomes. 

The difference in the rate of detection at different gestational ages also highlighted the significance of timely diagnostic 

assessment. The results were that the early gestational evaluation does significantly enhance the timeliness and precision 

of the detection of perinatal deviations and the general diagnostic procedure. Early detection of the abnormalities has far-

reaching implications for perinatal care. Early pregnancy detection is beneficial to informed prenatal counselling, proper 

surveillance planning, and referral to specialised care services. Early detection of abnormal conditions leads to improved 

interdisciplinary pregnancy, delivery, and neonatal care models. The application of early anomaly assessment within the 

normal prenatal care practice enhances continuity of care and clinical preparedness of medical practitioners. The results 

of these observations highlight the importance of early gestational evaluation in the holistic perinatal practice. The future 

research should be to increase the scope of clinical conditions to develop early detection plans to enhance the 

generalizability. Diagnostic performance needs to be supported by large-scale, multicenter studies. Also, the neonatal and 

developmental outcomes would be followed in the long run, and this would give further insight into the long-term benefits 
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of early anomaly detection. Further development of prenatal examination procedures at early stages can be of hope to 

attain more outcome-based and precise perinatal care. 
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