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Abstract

The care of newborn infants remains a significant responsibility for healthcare professionals, as
ensuring infant survival can often be complex and demanding. Conditions such as heart failure and
cardiac arrest in infants are life-threatening and require prompt diagnosis and treatment. Detecting
cardiac problems at an early stage can greatly enhance survival outcomes and minimize serious
complications. In recent years, machine learning (ML) approaches have become valuable tools for
predicting cardiovascular diseases by examining medical records and physiological data. This study
emphasizes the early detection of heart failure in infants through the application of ML technigues.
Various cardiac indicators and infant health parameters were evaluated to determine the probability
of heart failure and cardiac arrest. The findings revealed that the identified rate of cardiac arrest visk
was 58.78%, whereas 46.67% of the cases showed no evidence of cardiac abnormalities. Various
performance parameters, such as false rate, false observation rate, stability rate, and precision rate,
were also evaluated. The stability rate achieved was 1.67%, and the precision rate was 60.039%. The
findings of this study may help healthcare professionals in identifying and managing different levels of
heart failure in newborn babies at an early stage, thereby improving infant healthcare outcomes.
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INTRODUCTION

Heart failure in infants is a critical health disorder in which the heart cannot circulate sufficient blood
to support the body’s normal functions. Since newborns have developing organs and immature body
systems, they are especially susceptible to cardiovascular complications, which can quickly become
dangerous if not identified in time. Therefore, the timely detection of heart-related abnormalities plays
a vitalrole in increasingthe chances of survival and preventing severe future complications. Traditional
methods of diagnosing infant heart failure rely on clinical observation, electrocardiography (ECG),
echocardiography, and blood investigations. However, these approaches may require significant time,
specialized equipment, and professional expertise. Delays in diagnosis may increase the risk of severe
complications and mortality rates [1].
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These technologiesassist healthcare professionals in early disease recognition, reduce human error, and
improve patient monitoring systems [3].

This study presents an analysis of early heart failurerecognitionin infants using ML techniques. This
study focused on evaluating prediction accuracy and different performance parameters to improve the
understanding of cardiovascular risk levels in newborns [4].

Heart failure in infants is a seriousclinical condition in which the heart cannot pump blood effectively
to meet the metabolic demands of the body. Because infants have limited physiological reserves, even
mild impairment of cardiac function can rapidly lead to systemic symptoms. The clinical presentation,
underlying causes,and modem diagnostic approaches, particularly thoseinvolving ML, are increasingly
important in both pediatric cardiology and biomedical research. This section presents a detailed review
of the signs and symptoms, etiological factors, and application of ML techniques for the early detection
and classification of infant heart failure [5].

CLINICAL MANIFESTATIONS OF HEART FAILURE IN INFANTS

The clinical features of heart failure in infants are often subtle in the early stages but progressively
become more evident as the cardiac function deteriorates. One of the earliest and most common signs
is abnormal respiratory activity. Infants typically present with rapid and labored breathing due to
inadequate oxygen delivery to the tissues. This increased respiratory effort is often accompanied by
nasal flaring and chest retraction, reflecting the infant’s struggle to maintain adequate oxygenation [6].

Feeding difficulties are also a prominent manifestation. Infants with cardiac dysfunction often tire
easily during feeding, leading to insufficient milk intake. This not only contributes to poor nutritional
status but also results in inadequate weight gain over time. Excessive sweating, particularly during
feeding or crying, is frequently observed and is associated with increased sympathetic activity as the
body attempts to compensate for the reduced cardiac output [7].

Cyanosis, characterized by bluish discoloration of the lips and skin, indicates poor oxygen saturation
in the bloodstream and is a critical warning. Alongside this, infants may appear lethargic and exhibit
generalized fatigue due to reduced perfusion of the vital organs. Fluid retention may also develop,
leading to edema in areas such as the abdomen, lower limbs, or periorbital region, depending on the
severity of heart failure [8].

Cardiovascular manifestations include persistent tachycardia, which is a compensatory mechanism
for maintaining cardiac output. Despite this compensation, infants often fail to achieve appropriate
growth milestones, resulting in failure-to-thrive. Irritability and continuous crying may also be present
due to discomfort and hypoxia. Poor peripheral circulation can cause cold extremities, and recurment
respiratory infections are common due to pulmonary congestion and reduced immune efficiency. In
severe cases, oxygen saturation levels drop significantly, further exacerbating the systemic
complications.

ETIOLOGICAL FACTORS CONTRIBUTING TO INFANT HEART FAILURE

Heart failure in infants arises from diverse congenital and acquired conditions. Congenital heart
defects remain the most common underlying cause, involving structural abnormalities, such as septal
defects or outflow tract obstructions, whichimpair nommal circulatory function. Cardiomyopathy, which
refers to diseases of the heart muscle, can lead to weakened contractility and reduced cardiac output.

Arrhythmias also play a significant role, as abnormal heart rhythms disrupt the coordinated
contraction and reduce the pumping efficiency. Severe systemic or respiratory infections may

© STM Journals 2026. All Rights Reserved 2



International Journal of Emergency and Trauma Nursing and Practices
Volume 4, Issue 1
ISSN: 3049-0464

precipitate heart failure by increasing metabolic demand and cardiac workload. Pulmonary
hypertension, characterized by elevated pressure in the pulmonary arteries, places excessive strain on
the right side of the heart, eventually leading to heart failure [9].

Genetic disorders contribute to structural and functional cardiac abnormalities, whereas valvular
defects interfere with normal blood flow through the heart chambers. Myocarditis, an inflammatory
condition of the heart muscle often caused by viral infections, can severely impair myocardial function.
Additionally, premature birthis associated with underdeveloped cardiac and respiratory systems, which
increases the risk of heart failure in neonates.

MACHINE LEARNING METHODOLOGY FOR EARLY DETECTION

ML has emerged as a powerful tool in pediatric healthcare, particularly for the early identification of
cardiac abnormalities in infants. It enables computational systems to learn from clinical data and
generate predictive insights without being explicitly programmed for each scenario.

In the present study framework, multiple physiological and clinical parameters were collected to
construct a dataset. These included heart rate, respiratory rate, oxygen saturation levels, blood pressure
readings, electrocardiogram (ECQG) signals, body temperature, feeding behavior patterns, and detailed
medical history. This multidimensional dataset provides a holistic representation of the health status of
infants. Before model development, the data were preprocessed to ensure accuracy and consistency.
Missing values were addressed, noise was reduced, and normalization techniques were applied to
standardize the feature scales. Feature extraction methods were also used to identify the most relevant
variables contributing to the prediction of cardiac risk.

Several classification algorithms were employed to analyze the dataset. These include decision trees,
random forests, support vector machines (SVM), artificial neural networks (ANN), and logistic
regression. Each model was trained to categorize infants into risk groups based on the likelihood of
developing cardiac complications. The classification outcomes were broadly divided into high,
moderate, and low risk of cardiac arrest and no detectable cardiac abnormality [10].

PERFORMANCE EVALUATION AND RESULTS

The performance of the ML models was assessed using multiple evaluation metrics, including
accuracy, precision, recall, false-positive rate, false-negative rate, and stability. The results
demonstrated that ML approaches can providemeaningful supportin identifying the early signs of heart
failure, although improvements are still necessary for clinical deployment.

Table 1 summarizes the performance metrics obtained from the machine learning-based prediction
models for infant heart failure classification.

The results indicate that while the models demonstrate moderate predictive capability, there is
variability in their stability and accuracy. The relatively low stability rate suggests that the model
performancemay fluctuate depending on the dataset composition and preprocessing methods. However,
the precision rate of approximately 60% reflects a reasonable level of correctness in identifying true-
positive cases of cardiac risk.

Table 1. Performance evaluation of machine learning models for infant heart failure prediction.

Evaluation parameter Observed outcome

Target detection rate for cardiac arrest risk 58.78%

Detection rate for no cardiac abnormality 46.67%

Precision rate 60.039%

Stability rate 1.67%

Key evaluation metrics False-positive rate, false-negative rate, accuracy, recall
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Advantages of Machine Learning in Infant Cardiac Care

The integration of ML into neonatal and pediatric cardiology offers several significant advantages. It
enables the early detection of cardiac abnormalities before they progress to severe stages, thereby
improving the chances of timely intervention. ML models also assist in faster diagnostic decision-
making, reducingthe reliance on manual interpretationalone. This canhelp minimize human diagnostic
errors, particularly in high-pressure clinical settings.

Furthermore, continuous monitoring systems powered by ML can track patient conditions in real
time, offering dynamic insights into their health status. These systems support clinicians in making
more informed decisions, ultimately contributing to improved survival rates and better long-term
outcomes in infants with cardiac conditions.

Challenges and Limitations

Despite its promising potential, the application of ML in infant cardiac care presents several
challenges. One of the primary limitations is the lack of large, high-quality datasets that are specific to
infant populations. Data scarcity restricts model generalizability and reduces predictive accuracy.
Additionally, ensuring data privacy and security remains a critical concem when handling sensitive
medical information.

The real-time implementation of predictive systems also presents technical complexities, particularly
in the integration of multiple physiological signals. Moreover, the effective use of these systems
requires trained healthcare professionals who can interpret ML outputs in a clinical context. Without
proper interpretation, there is a risk of misclassification or over-reliance on automated predictions.

DISCUSSION

The application of ML in infant healthcare has shown promising outcomes in detecting early signs
of heart failure. Predictive models can assist healthcare professionals in making quick and informed
decisions in critical conditions. The results demonstrate the importance of inte grating artificial
intelligence into neonatal intensive care systems.

Although the prediction accuracy achieved in this study was moderate, further improvement can be
obtained by incorporating larger datasets, deep learning models, and real-time monitoring devices. This
study highlights the importance of technological advancements in pediatric cardiac healthcare.

CONCLUSION

Early recognition of heart failure in infants is essential for reducing mortality and improving
treatment outcomes. ML techniques provide an efficient approach for analyzing infant cardiac data and
predicting the risk of heart failure. This study demonstrated the capability of ML algorithms to identify
cardiac arrest probabilities and evaluate various healthcare parameters.

The obtained prediction results, including a cardiac arrest detection rate of 58.78% and a precision
rate of 60.039%, indicate the potential of ML in neonatal healthcare systems. Future advancements in
artificial intelligence and medical data analysis may further improve the accuracy and reliability of
infant heart failure prediction systems.
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