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Abstract—Congenital heart disease (CHD) is one of the most common causes of death in the
world. It is distinguished by a high death rate brought on by the fetus's congenital defects. Both
the incidence of congestive heart failure and the prevalence of CHD have grown recently. This
article focuses on the use of non-clinical data from pregnant women, child, adults and machine
learning to predict congenital heart disease. The study demonstrates how well the Artificial
Neural Network (ANN) model performs in detecting CHD, outperforming conventional
methods. The exceptional performance of the ANN model indicates that it can handle complex
datasets, which suggests that it could be useful in more predictive healthcare applications. The
results encourage further investigation into machine learning frameworks that employ non-
invasive data to predict various health problems, potentially revolutionizing the medical care.
This article focuses on the application of dermatoglyphics in predicting CHD risk factors and
highlighting the importance of incorporating it into preventive cardiology in order to possibly
support early intervention techniques.

Keywords— CHD - congenital heart disease, CDLM - cardiac deep learning model, ECG -
electrocardiogram, ANN - Artificial Neural Network, HLHS - hypoplastic left heart syndrome,
CNNs - Convolutional Neural Networks, LSTM - Long Short-Term Memory.

l. INTRODUCTION

Congenital heart disease (CHD) analysis is motivated by several key factors, such as the fact that increased
understanding of CHD facilitates early diagnosis and treatment, improving outcomes for affected individuals.
Recognizing the various kinds of congestive heart failure (CHD) facilitates the development and refinement of
surgical and pharmacological therapy regimens, hence enhancing the quality of disease management. Research
on CHD can discover genetic, environmental, and psychological factors that influence the disease's development
and aid in the creation of preventive measures by understanding its causes and risk factors. A greater
understanding regarding the long-term effects of CHD on patients can help to improve follow-up care and
support services, which will ultimately result in a better quality of life.

Data analysis can help healthcare organizations share resources for CHD patient screening, care, and support
more effectively.
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Improved outcomes for patients can be achieved via CHD research through encouraging innovation in diagnostic
and helpful technology. Improved public awareness and comprehension on congenital heart disease (CHD) will
facilitate better prenatal care and screening practices. Congestive heart failure (CHD) research discoveries have
the potential to improve the health of those affected by the condition by influencing healthcare policies and
practices. The ultimate objective is to improve patient care and increase knowledge of congenital heart disease
while simultaneously reducing the condition's adverse impacts on individuals and healthcare systems.

A. Motivation

The approach of using readily available, non-invasive data from pregnancy, newborn, and family records offers a
practical and ethically sound methodology. Analyzing data from both quantitative newborn assessments and
parental interviews yields a thorough and diverse set of information for evaluation. The researchers can utilize
existing health records and genetic histories to obtain a substantial dataset without resorting to intrusive
techniques or additional data gathering to carry the research work on early detection of congenital heart diseases

Il. LITERATURE SURVEY

A. Survey related to Congenital Heart Disease Detection is discussed below

Development of a deep learning model for detecting pediatric congenital heart disease (CHD) using seven
standard echocardiographic views [1]. With a Participants of 1,376 children (336 normal, 1,040 with CHD),
achieving 92.3% accuracy and 0.91 AUC in detecting CHD. The Methodology Utilized various image modalities
(grayscale, color, bimodal) and data enhancement techniques resulting the seven-view approach enhances
detection accuracy and robustness against interference, offering significant clinical value.

An Innovative Method for Classifying and Predicting Cardiac Disease Using Intelligent Agents [2] Objectives to
develop a method for cardiac disease prediction using intelligent agents. The Methodology followed is to
Preprocess symptoms with filter and wrapper agents, classify symptoms into five categories: absence, starting,
mild, moderate, serious and Utilize Naive Bayesian Classification for diagnosis. Providing an Improved
accuracy in classifying cardiac conditions. It [2] is also mentioned that Enhance classification accuracy using
heuristic seed selection and cooperative algorithms for better diagnosis.

In LSTM and ML-CHDPM for Cardiovascular Diagnosis [3]. LSTM Architecture Utilizes input, output, and
forget gates to manage information flow and retain relevant data over time. ML-CHDPM Model Achieves a
recall rate of 99.19% in diagnosing cardiovascular diseases, outperforming other methods, having a Data
Collection on ECG signals from pregnant women were analyzed to enhance early detection of congenital heart
disease (CHD), with a Key Findings that the ML-CHDPM approach shows high accuracy (95.94%) and low
false positive/negative rates, emphasizing the need for improved diagnostic techniques in CHD.
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Figure 1. Work process of the proposed ML-CHDPM. Geometric symbol for classification and line for process flow
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Figure 2: The structure of the LSTM

An overview of a cardiac deep learning model (CDLM) that identifies and predicts congenital heart disease risk
factors [4]. The objective is to develop a machine learning model to predict congenital heart disease (CHD) risk
factors and reduce newborn mortality, the method Utilizes maternal clinical history and fetal health data,
resulting CDLM achieved sensitivity of 91.74%, specificity of 92.65%, and positive predictive value of 90.85%.
the major impact was to enhance early detection and intervention for high-risk infants, ultimately improving
healthcare outcomes and saving lives.
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Figure 3. Block diagram of the proposed model.

The paper [5] introduces Congenital Heart Disease diagnosis via Electrocardiogram (CHDJECG), an advanced
deep learning model that efficiently detects congenital heart disease (CHD) using pediatric electrocardiogram
(ECG) data. CHDJECG performs better than cardiologists after being trained on an extensive data set of 65,869
patients, with ROC-AUC (area under the receiver operator characteristic curve) values above 0.9. Plotting the
true positive rate against the false positive rate creates the Receiver Operating Characteristic (ROC) curve, a
visual depiction of a binary classifier model's performance. A model's performance is measured by the Area
Under the ROC Curve (AUC); a value of 1 denotes perfect classification, while a value of 0.5 shows no
discriminative ability.

The test cases yielded ROC-AUC values that vary from 0.835 to 0.992 on the internal test set and from 0.889 to
0.926 and 0.859 to 0.939 on the two external test sets, respectively. The ROC-AUC scores for the three most
prevalent subtypes—uventricular septal defect, atrial septal defect, and patent ductus arteriosus—were 0.920,
0.835, and 0.856 on the internal test set, whereas Center-B's external test set had 0.918, 0.926, and 0.889, and
Center-C's external test set had 0.913, 0.916, and 0.904. Nine out of twelve subtypes' performances on the
internal test set had high ROC-AUC scores above 0.9, whereas seven out of nine subtypes' ROC-AUC scores on
the external test set from Center-C are above 0.9. The approach reveals its potential to improve early CHD
diagnosis, particularly in underserved places, by integrating human-concept features with automatically extracted
ECG features.
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By utilizing enormous volumes of data, CHDJAECG surpasses conventional diagnosis techniques, demonstrating
the potential of Al in cardiology. This development may result in faster and more precise CHD diagnosis,
particularly in patients who are young. The success of the model is attributed to its capacity to extract
information from ECG data that human specialists might not be able to see. This implies that deep learning can
improve diagnostic capabilities by revealing patterns and knowledge that were previously missed. The model’s
low-cost, non-invasive approach is particularly beneficial in low- and middle-income regions, where access to

advanced diagnostic tools is limited, thus improving healthcare equity.
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Figure 4: The workflow of Al-enabled CHD detection with ECG data.
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CHOAECG model

A unique deep learning method for identifying congenital heart disease (CHD) in fetal echocardiography videos

by stacking CNN-LSTM models has been discussed [6].
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Figure 5: Overview of the methodology
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The algorithm demonstrated good classification accuracy by assessing a small sample of 9 healthy and 13 HLHS
patients at various gestational stages. This suggests that HLHS may be accurately and early detected, which
could lead to improved prenatal intervention tactics. Research Focus to use stacking CNN-LSTM maodels to
achieve 90.5% accuracy in deep learning-based congenital heart disease detection from prenatal
echocardiograms. The study presents stacking CNN-LSTM models and illustrates how varying model strengths
might improve CHD diagnosis accuracy. Effective analysis of the temporal and spatial aspects of ultrasound data
is made possible by this hybridization. This suggests the potential for reducing human error in echocardiography
interpretation.

Regardless of risk factors, the usefulness of fetal echocardiography in identifying congenital heart disease (CHD)
in pregnant women is investigated in a study published in the Journal of Clinical and Diagnostic Research [7].
The study, which lasted 26 months at Baghdad Teaching Hospital and involved 263 women, found 14
occurrences of congenital heart disease (CHD), emphasizing the need for routine screening in order to enhance
prenatal diagnosis and prediction. The presence of CHDs in both high-risk and no-risk categories was discovered
by the study, emphasizing the necessity of universal screening. CHD detection rates have increased over time
due to major improvements in echocardiography techniques. The results indicate that larger, multi-center
investigations are necessary to confirm the findings and improve screening protocols.

A deep neural network with a 99% sensitivity and 98.56% accuracy in identifying heart sounds is built for the
purpose of diagnosing congenital heart disorders (CHDs) from phonocardiogram signals [8]. improved model
robustness by using a combination of public and local datasets for training. promises improvements in early
CHD diagnosis and digital stethoscope capabilities. 0.8-1.2% of babies worldwide are born with CHD,
underscoring the significance of early detection in enhancing outcomes.
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Figure 6: Graphical visualization of developed methodology

The rates of mortality and morbidity can be considerably decreased with early intervention. The study illustrates
the promise of artificial intelligence (Al) in healthcare technology by showing how deep neural networks can
evaluate complex cardiac signals with effectiveness. This indicates a move toward more precise and automated
diagnostic techniques. The study emphasizes how crucial diverse and high-quality data are when training
models. Integrating regional and openly accessible datasets reduces constraints and improves the model's
generalizability across other demographics. Techniques such as data augmentation and filtering show how
preprocessing actions can maximize the performance of the model. These techniques are essential for managing
complex real-world data in medical diagnostics. The study suggests topics for more research to improve the
accuracy of diagnosis and shows that multiclass classification approaches need to go beyond binary outcomes.

This research article discusses the prediction of Congenital Heart Disease (CHD) in newborns using non-clinical
data from pregnant women through various machine learning techniques [9]. The study highlights the
effectiveness of the Artificial Neural Network (ANN) model, which achieved a high accuracy of 99.6%,
outperforming other algorithms such as Naive Bayes and Random Forest in detecting CHD. With its ability to
anticipate congenital problems before birth, the study shows how machine learning can revolutionize healthcare
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by providing a non-invasive substitute for conventional clinical techniques. The research creates opportunities
for utilizing easily accessible information from expecting moms by concentrating on non-clinical data, which
may result in early treatments for infants who are at risk. The ANN model's outstanding performance
demonstrates its aptitude for managing complicated datasets, indicating that it may find use in more predictive
healthcare applications. The results inspire more research into machine learning systems that use non-invasive
data to forecast different health issues, which has the potential to transform prenatal care.
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Figure 7: Proposed Architecture for detecting CHD disease.

The publication [10] explores the correlation between dermatoglyphic patterns and congenital cardiac diseases
(CCD). The study analyzed fingerprint patterns in 150 patients with various CCDs compared to 300 controls,
revealing significant differences in dermatoglyphic features, such as a higher prevalence of whorls and increased
ridge counts. These findings suggest that dermatoglyphics may serve as a diagnostic tool for identifying
congenital heart defects.

Figure 8: showing normal pattern present on finger tips.

The study emphasizes the ongoing nature of dermatoglyphic patterns are after development, which makes them
reliable predictors of congenital disorders. This emphasizes how crucial prenatal factors are in ridge
development. The distinctions seen between the control and sick groups highlight the necessity of more
investigation into dermatoglyphic patterns as a means of comprehending congenital conditions. This makes
genetic study possible in new ways. The study highlights the significance of ethical supervision and informed
consent in medical research, ensuring that patients' rights and health are put first. The results imply that
dermatoglyphics may be included in congenital disease screening as a routine procedure, which would impact
medical practices and patient outcomes in the field of cardiology.

The study published in the International Journal of Research and Review investigates the dermatoglyphic
patterns in patients with coronary artery disease (CAD) [11]. Conducted over two years, it analyzed fingerprint
configurations of 50 CAD patients compared to 50 healthy controls, revealing significant differences in Total
Finger Ridge Count (TFRC), Absolute Finger Ridge Count (AFRC), a-b Ridge Count, and atd Angle, suggesting
potential for dermatoglyphics in CAD screening.

According to the study, dermatoglyphics can be used as a non-invasive way to check for CAD, particularly in
areas with poor access to healthcare. This could improve methods for early detection and treatment. The study
shows a possible connection between these patterns and cardiovascular health by emphasizing significant
differences in quantitative dermatoglyphic characteristics between CAD patients and healthy persons. In order to
validate its results, the study used strict statistical techniques, which improved the validity of dermatoglyphics as
a possible biomarker for CAD. These results suggest additional investigation into the relationships between
dermatoglyphics and other cardiovascular disorders, which may result in novel diagnostic standards and
prophylactic interventions.

The study investigates the relationship between dermatoglyphic patterns (fingerprints) and coronary heart
disease (CHD) [12]. Conducted at Avicenna Medical College in Lahore, it analyzed fingerprints of 140 patients
diagnosed with CHD. Results showed that the majority exhibited a whorl pattern, supporting dermatoglyphics as
a unique identifier in legal contexts.

Since fingerprints are genetically determined, they can be trusted in legal and medical settings for personal
identity. Since ischemic heart disease is a major cause of death, it is essential to understand the risk factors
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associated with it, including genetic markers such as dermatoglyphics. The study's limited scope emphasizes the
need for more extensive, national studies to examine dermatoglyphics in various populations. Determining
fingerprint patterns could be used to identify those who are at risk for coronary heart disease early on and assist
with preventive measures.

The study investigates [13] the correlation between dermatoglyphics (fingerprint patterns) and myocardial
infarction (MI) among 200 subjects aged 40-75, comparing 100 patients with coronary artery disease (CAD) to
100 healthy controls. Results indicate a significant increase in whorls and a decrease in loops among MI patients,
suggesting potential genetic predispositions that could aid in Ml screening and prevention.

According to the study, there may be a genetic component to the relationship between dermatoglyphic patterns
and CAD, suggesting that certain fingerprint kinds may put people at risk for MI. Better genetic screening
techniques for populations at risk may result from this. Strict statistical techniques (Z test) were used, providing
a solid basis for the study's conclusions while improving the reliability of the results. Although the controlled
environment and exclusion criteria of the study ensure reliability, it may restrict generalizability, emphasizing
the need for larger studies. The study supports the concept of fingerprint analysis in medical diagnosis by
correlating it with additional research that connected dermatoglyphics to a range of illnesses.

The study by Hemlata Dhanraj Chimne and Dilip D. Ksheersagar [14] investigates the correlation between
dermatoglyphic patterns and coronary artery disease (CAD) in a sample of 150 CAD patients and 150 healthy
individuals. The findings reveal significant variations in fingerprint patterns, with a decrease in loops and an
increase in whorls among CAD patients, suggesting potential for dermatoglyphics as a diagnostic tool for early
CAD prediction.

Genetics influence dermatoglyphic patterns, indicating a potential function for them in inherited disorders such
as CAD. In patients with CAD, a lower frequency of loops and a larger frequency of whorls may suggest
underlying genetic predispositions to cardiac disorders. The significant correlations found in statistical analysis
imply that dermatoglyphics may be used as a non-invasive CAD screening method. This study creates
opportunities for more research on the predictive power of dermatoglyphics for other hereditary disorders.

The study investigates the correlation between fingertip dermatoglyphic patterns and myocardial infarction (MI)
in the North Indian population [15]. Analyzing 150 MI patients and 150 healthy controls, the results indicate
significant differences in fingerprint patterns, with increased whorls and decreased loops and arches in Ml
patients. This suggests that dermatoglyphics may serve as a cost-effective diagnostic tool for identifying
predisposition to M.

The research suggests that dermatoglyphic patterns associated with MI may be inherited by strengthening the
connection between genetic risk and these patterns. Dermatoglyphics may be a cost-effective and non-invasive
screening technique for early MI risk identification, which could improve preventative healthcare initiatives.
There are specific patterns that could help with clinical assessments, such as the noticeable increase in whorls
and decrease in loops and arches among MI patients. The study's use of proven techniques for collecting and
analyzing fingerprints guaranteed the accuracy of the findings. The biological processes behind the noted
dermatoglyphic patterns and their connection to MI might be investigated further.

Dermatoglyphics, the study of skin ridge patterns, develop in utero and may be influenced by genetic and
environmental factors [16]. In a study of 225 individuals with congenital heart disease (CHD), a significant
increase in the atd angle—a dermatoglyphic trait—was found compared to 200 controls. This suggests an
association between certain types of CHD and abnormal dermatoglyphics, supporting the theory that genetic and
environmental factors may play a role in both conditions.

The significant increase in the atd angle observed in patients with congenital cardiac defects raises the possibility
of a biomarker for detecting genetic predispositions in such diseases. The study indicates many genetic variables
contribute to both dermatoglyphic and cardiac anomalies, contributing to the body of data in favor of a polygenic
model for dermatoglyphic features. Larger research is needed to investigate the dermatoglyphic characteristics of
various kinds of CHD, as this could help elucidate the genetic-environmental interaction.

The study investigates the dermatoglyphic patterns of fingers in patients with myocardial infarction (MI)
compared to healthy controls. It finds significant differences in fingerprint patterns, with Ml patients showing an
increased frequency of whorls and a decreased frequency of loops and arches. The study suggests
dermatoglyphics could serve as a non-invasive screening tool for MI risk, particularly in individuals without
known risk factors.

According to the study, dermatoglyphics is a promising non-invasive method for detecting Ml early on that is
particularly helpful in environments with limited resources. Loop and arch patterns significantly decreased in Ml
patients, which may signal a vulnerability to heart problems. Further research into hereditary variables should be
conducted since the increase in whorl patterns among MI patients may be suggestive of underlying genetic
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predispositions. The consistency of the results is confirmed by the use of t-tests and Chi-square tests, which
supports the possible clinical value of dermatoglyphic analysis. This study emphasizes how crucial it is to
incorporate dermatoglyphics into preventive cardiology in order to possibly support early intervention
techniques. promotes further research to be done in order to better understand the role of genetic markers in heart
disease by examining the connection between dermatoglyphic patterns and other cardiovascular disorders.

The article [18] discusses the background and significance of dermatoglyphics, which is the study of skin
patterns, particularly on the hands and feet. It delves into the scientific process, background, and relevance to
genetic disorders, highlighting the importance of understanding dermal patterns for the diagnosis of conditions
like as Down syndrome and its potential genetic basis. Clinical Significance: Knowledge of dermatoglyphics is
useful while researching various hereditary illnesses. In this area, more investigation into the impact of genetics
on embryonic development is required.

Since the middle of the 20th century, dermatoglyphics research has advanced drastically, highlighting the value
of multidisciplinary studies fusing dermatology and genetics. Distinct dermatoglyphic characteristics are seen in
different groups, indicating the impact of environment and race on skin patterning. Advances in fingerprint and
skin ridge analysis methods have expanded our knowledge of dermatoglyphics and opened the door to more
extensive clinical uses. Dermatoglyphics provides insightful information, but researchers should be cautious of
biases and the caliber of study control data, as they might compromise the validity of results.

Al is changing the way CHD is managed by offering data-driven insights that improve patient outcomes and
clinical judgment [19]. Personalized treatment plans have a great deal of potential and go beyond conventional
approaches. Large-scale datasets are analyzed by ML systems to predict patient outcomes, enabling prompt
treatments. This prediction skill is essential for handling difficult instances that patients with CHD may
encounter. Moral Aspects to Take into Account: In order to ensure ethical implementation, concerns about data
privacy, algorithm bias, and transparency must be addressed as Al becomes more widely used in healthcare. Al-
driven surgical simulations give doctors access to immersive training environments that improve their
proficiency and self-assurance during challenging procedures—a critical ability for CHD surgery. Real-time
patient assessment is made possible by wearable technology and remote monitoring systems, which also improve
the quality of care overall by enabling preemptive management of possible issues.

The publication [20] reviews the potential of artificial intelligence (Al) in managing congenital heart disease
(CHD). While Al algorithms show promise in diagnostics and predicting clinical outcomes, their current
limitations prevent widespread clinical application. Research is still limited compared to acquired heart disease,
necessitating larger datasets and improved accuracy for implementation in everyday practice.

The adoption of electronic health records has produced enormous amounts of data, which makes Al analysis
possible. If analyzed well, this data has the potential to completely change the way CHD is managed and treated.
With certain algorithms exhibiting performance comparable to human diagnosis, artificial intelligence (Al) has
the potential to revolutionize clinical cardiology practices. Before being adopted, they must, however, increase
their sensitivity and specificity. Artificial intelligence (Al) applications in echocardiography have produced
encouraging accuracy rates, especially when evaluating heart volumes, indicating a substantial clinical relevance.
Al has the ability to help develop better patient care techniques by assisting in the creation of predictive models
for surgical outcomes and clinical deterioration. Larger, more varied datasets are necessary for the success of Al
in CHD in order to guarantee that algorithms are accurate across a range of patient demographics, highlighting
the significance of cooperative research efforts.

I11. CONCLUSION

In Summary, the innovative advancements in the diagnosis and prediction of congenital heart disease (CHD)
through various machine learning and deep learning techniques exhibit a transformative potential in the realm of
pediatric cardiology. From the remarkable accuracy of deep learning models like CHDd-ECG and the LSTM
architectures to the promising applications of artificial intelligence in enhancing diagnostic capabilities, these
developments signify a shift toward more precise, non-invasive, and equitable healthcare solutions for vulnerable
populations.

The integration of diverse datasets and advanced methodologies not only improves detection rates but also
encourages early intervention, ultimately saving lives and reducing healthcare disparities. As the research
continues to evolve, there is a clear imperative for further exploration and collaboration in this field, ensuring
that these breakthrough technologies achieve their full potential in clinical settings and significantly impact
patient outcomes. The treatment of congenital heart disease can have a creative and compassionate future if
ethical issues and thorough data analysis are given top priority.
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