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Abstract – Cardiovascular diseases (CVDs) remain the leading cause of morbidity and mortality worldwide, necessitating 

innovative strategies for early diagnosis, risk stratification, and personalized management. The integration of artificial 

intelligence (AI) into cardiovascular medicine has emerged as a transformative approach, offering enhanced diagnostic 

accuracy, predictive analytics, and optimized therapeutic decision-making. Recent advancements in machine learning, deep 

learning, and data-driven algorithms have demonstrated significant potential across various domains, including imaging 

analysis, electrocardiography interpretation, and risk prediction models. Despite promising outcomes, several challenges, such 

as data quality, model interpretability, ethical considerations, and regulatory hurdles continue to impede widespread clinical 

adoption. This review aims to provide a comprehensive overview of the current applications of AI in cardiovascular disease 

prediction and management, critically analyze existing limitations, and explore future directions to advance the integration of 

AI technologies into routine cardiovascular care. 
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1. Introduction 

Cardiovascular diseases (CVDs) represent a significant 

global health burden, accounting for approximately 17.9 

million deaths annually, which corresponds to nearly 32% of 

all global deaths, according to the World Health Organization 

[1]. Despite substantial advancements in preventive 

strategies, diagnostic modalities, and therapeutic 

interventions, the incidence of CVDs continues to rise, driven 

by aging populations, sedentary lifestyles, and the increasing 

prevalence of risk factors such as diabetes mellitus, 

hypertension, and obesity [2, 3]. Early and accurate 

diagnosis, timely intervention, and personalized management 

strategies are crucial for improving clinical outcomes and 

reducing healthcare costs associated with CVDs [4, 5]. 

Traditional diagnostic and management approaches, while 

effective, are often limited by interobserver variability, time-

consuming processes, and reliance on subjective 

interpretation of clinical data[6, 7]. These limitations 

underscore the urgent need for innovative solutions that can 

augment clinical decision-making, enhance diagnostic 

precision, and facilitate individualized patient care[8, 9]. 

 

 

 

 

 

Artificial intelligence (AI), encompassing a broad range of 

computational techniques including machine learning (ML), 

deep learning (DL), and natural language processing (NLP), 

has emerged as a transformative tool across various medical 

disciplines [10-12]. In cardiology, AI holds the potential to 

revolutionize the detection, prediction, and management of 

cardiovascular conditions by leveraging vast amounts of 

heterogeneous data to uncover complex patterns that may be 

imperceptible to human clinicians [13, 14]. Recent years have 

witnessed a surge in the application of AI-driven technologies 

in cardiovascular medicine, ranging from automated 

interpretation of electrocardiograms (ECGs) and advanced 

imaging analysis to predictive modeling of adverse 

cardiovascular events and optimization of therapeutic 

regimens[15, 16]. 

However, despite the growing body of evidence supporting 

the utility of AI in cardiology, several challenges remain, 

including concerns about data quality, algorithm 

transparency, ethical considerations, and the need for rigorous 

clinical validation[17, 18]. AI technologies have transformed 

the CVD landscape by improving diagnostic accuracy, 

stratifying and typing disease subgroups, predicting patient 

outcomes, promoting the development of auxiliary diagnostic 
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tools, and optimizing cardiac rehabilitation and treatment 

strategies. This review aims to provide a comprehensive and 

critical evaluation of the current applications of AI in 

cardiovascular disease prediction and management as 

illustrated in Figure 1.  

 

 

Figure 1. Applications of artificial intelligence (AI) in cardiovascular disease (CVD). AI enhances CVD diagnosis, stratification, typing, outcome prediction, 

promotes the use of auxiliary tools, and optimizes cardiac rehabilitation and treatment strategies. 

 

2. Basics of Artificial Intelligence in Medicine 

Artificial intelligence (AI) refers to the simulation of 

human intelligence processes by machines, particularly 

computer systems, to perform tasks such as learning, 

reasoning, problem-solving, and decision-making [19-21]. 

Within medicine, AI has gained traction for its ability to 

process large volumes of complex and heterogeneous data, 

identify intricate patterns, and generate predictive insights 

that can support clinical decision-making[22, 23]. 

AI encompasses several subfields, with machine 

learning (ML) and deep learning (DL) being the most 

relevant to cardiovascular applications. Machine Learning 

(ML) involves algorithms that enable computers to learn 

from data and improve their performance over time 

without explicit programming [24, 25]. In healthcare, ML 

algorithms can analyze patient data to predict disease risk, 

stratify patient populations, and support diagnostic 

decisions[26-28]. Commonly used ML models include 

decision trees, random forests, support vector machines, 

and gradient boosting machines[29, 30]. Deep Learning 

(DL), a subset of ML, employs artificial neural networks 

inspired by the structure and function of the human brain. 

Deep learning models, particularly convolutional neural 

networks (CNNs), have demonstrated remarkable success 

in interpreting medical images, analyzing  

 

electrocardiographic signals, and predicting clinical 

outcomes[31, 32]. Another important component is 

Natural Language Processing (NLP), which allows 

machines to understand, interpret, and generate human 

language. NLP is increasingly applied to extract 

meaningful information from unstructured clinical notes, 

medical literature, and electronic health records 

(EHRs)[33, 34]. 

In the context of cardiovascular medicine, AI 

algorithms are trained using diverse datasets such as 

imaging data (e.g., echocardiography, cardiac MRI), 

physiological signals (e.g., ECGs), genomics, and clinical 

variables. Through supervised, unsupervised, or 

reinforcement learning approaches, these algorithms can 

assist in: Early disease detection, Risk stratification, 

Personalized treatment planning, Prognostic predictions, 

and continuous patient monitoring[35, 36]. A fundamental 

advantage of AI lies in its capacity to uncover subtle 

patterns and interactions within complex datasets that may 

be beyond the recognition of human experts [37]. 

However, understanding the basic principles of AI 

methodologies is essential for clinicians to critically assess 

the strengths, limitations, and appropriate applications of 

AI-driven tools in practice[38]. 
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3. Current Applications of Artificial Intelligence in 

Cardiovascular Disease 

The application of artificial intelligence (AI) across the 

cardiovascular care continuum has significantly redefined 

the approach to diagnosis, risk stratification, therapeutic 

decision-making, and patient monitoring[39, 40]. By 

leveraging vast and complex datasets, AI technologies 

offer the potential to overcome human limitations, reduce 

diagnostic errors, and personalize patient management 

[41]. This section critically examines the major clinical 

applications of AI in cardiovascular medicine. 

3.1. Diagnosis 

Accurate and early diagnosis is a cornerstone of 

effective cardiovascular disease (CVD) management[42, 

43]. Traditional diagnostic methods often rely heavily on 

clinician expertise and subjective interpretation, which can 

lead to interobserver variability and missed subtle 

pathologies[44-46]. AI, particularly through machine 

learning (ML) and deep learning (DL) techniques, 

provides an opportunity to enhance diagnostic accuracy, 

improve efficiency, and standardize assessments to treat 

CVD conditions, including heart failure, congenital heart 

disease, cardiomyopathy, coronary artery disease, atrial 

fibrillation, and valvular heart disease, facilitating timely 

clinical interventions as depicted in Figure 2.  

 

 

Figure 2. Artificial intelligence (AI) applications in cardiovascular disease (CVD) diagnosis.  

 

3.1.1. Electrocardiography (ECG) Interpretation 

Electrocardiography remains a frontline 

diagnostic tool for numerous cardiovascular 

conditions[47]. AI algorithms, especially convolutional 

neural networks (CNNs), have been trained on millions of 

ECG recordings to detect arrhythmias, myocardial 

infarction, left ventricular dysfunction, and other cardiac 

abnormalities with performance rivalling that of 

experienced cardiologists[14, 48, 49]. For example, AI-

enhanced ECG analysis has demonstrated the ability to 

identify paroxysmal atrial fibrillation even during sinus 

rhythm, predict the future development of heart failure 

with reduced ejection fraction, and recognize silent 

myocardial infarctions that might otherwise go unnoticed 

[50, 51]. Additionally, AI systems can rapidly process large 

volumes of ECGs in emergency settings, aiding in the 

triage and prioritization of patients requiring urgent 

intervention. 

3.1.2. Cardiovascular Imaging Interpretation 

Medical imaging is a critical component of 

cardiovascular diagnostics, but it is labor-intensive and 
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prone to inter-reader variability[52]. AI has introduced 

substantial improvements across multiple imaging 

modalities: 

a) Echocardiography: AI algorithms can automate 

the acquisition of standard views, ensure image 

quality, and perform real-time quantitative 

measurements such as left ventricular ejection 

fraction (LVEF), wall motion abnormalities, and 

valvular pathology assessments [53, 54]. 

Automated segmentation of cardiac chambers has 

improved reproducibility and reduced 

examination times. 

b) Cardiac Computed Tomography Angiography 

(CCTA): AI enables rapid assessment of coronary 

artery stenosis, quantification of plaque burden, 

and characterization of plaque composition (e.g., 

calcified vs. non-calcified plaques)[55, 56]. 

Several studies have shown that AI-enhanced 

CCTA interpretation matches or surpasses human 

experts in diagnosing coronary artery disease 

(CAD)[45]. 

c) Cardiac Magnetic Resonance Imaging (MRI): 

Deep learning models facilitate automated 

myocardial segmentation, scar quantification, and 

tissue characterization (e.g., detection of 

myocardial fibrosis)[57, 58]. AI algorithms have 

also enhanced the ability to differentiate ischemic 

from non-ischemic cardiomyopathies based on 

MRI datasets. 

d) Nuclear Cardiology: In single-photon emission 

computed tomography (SPECT) and positron 

emission tomography (PET) imaging, AI has 

improved image reconstruction, noise reduction, 

and interpretation of myocardial perfusion 

studies, enhancing diagnostic sensitivity[59, 60]. 

3.2. Clinical Decision Support Systems (CDSS) 

AI-driven clinical decision support systems integrate 

diverse data inputs—including laboratory results, imaging 

findings, electronic health record (EHR) data, and genomic 

information—to assist clinicians in diagnostic 

reasoning[61, 62]. These systems can prioritize differential 

diagnoses, recommend further diagnostic workups, and 

even suggest initial management strategies. For instance, 

AI-powered CDSS tools have been shown to increase 

diagnostic accuracy in complex cases of cardiomyopathy, 

congenital heart disease, and heart failure with preserved 

ejection fraction (HFpEF)[63, 64]. 

The primary advantages and current impact of AI in 

diagnosis include standardization of interpretations, 

reducing interobserver variability, early detection of 

subclinical disease, efficiency gains, allowing for faster 

clinical workflows, and decision support in complex cases 

with multimodal data integration [65, 66]. However, 

successful implementation relies on the careful validation 

of AI models across diverse populations and clinical 

settings to avoid biases and ensure generalizability. 

3.3. Risk Prediction 

Accurate risk prediction of cardiovascular events is 

critical for preventive cardiology, helping to identify high-

risk individuals who may benefit from early intervention. 

Traditional risk models, such as the Framingham Risk 

Score and ASCVD Risk Estimator, have provided valuable 

frameworks but remain constrained by their reliance on a 

limited number of variables and assumptions of 

linearity[67, 68]. These models often fail to capture the 

complex interplay between diverse clinical, genetic, 

lifestyle, and environmental factors that contribute to 

cardiovascular disease (CVD)[69, 70]. Artificial 

intelligence (AI), particularly through machine learning 

(ML) and deep learning (DL) methodologies, has emerged 

as a powerful tool to overcome these limitations by 

analyzing large, multidimensional datasets and uncovering 

hidden, non-linear relationships that traditional models 

cannot. 

AI-driven risk models have demonstrated superior 

predictive capabilities for a range of cardiovascular events, 

including myocardial infarction, stroke, heart failure, 

arrhythmias, and cardiovascular mortality[71]. Machine 

learning algorithms such as random forests, gradient 

boosting machines, and support vector machines have been 

trained on extensive electronic health record (EHR) 

datasets, integrating clinical variables, laboratory results, 

imaging biomarkers, genetic profiles, and even social 

determinants of health to generate individualized risk 

assessments[71]. Deep learning models further enhance 

predictive performance by directly processing raw data 

inputs, such as imaging files and continuous physiological 

signals, eliminating the need for manual feature 

extraction[72, 73]. Notably, several studies have shown 

that AI models can outperform conventional risk 

calculators by identifying high-risk patients earlier and 

more accurately, thereby opening opportunities for 

preemptive interventions[74, 75]. 

The incorporation of imaging data into AI-based risk 

prediction has further advanced the field. For example, 

deep learning models applied to coronary artery calcium 

(CAC) scoring on non-contrast CT scans can automate 

quantification and provide highly reproducible risk 

assessments[76, 77]. AI algorithms analyzing coronary CT 

angiography (CCTA) not only detect luminal stenosis but 

also characterize plaque composition—identifying 

vulnerable plaques prone to rupture, a key predictor of 

acute coronary syndrome. Similarly, cardiac magnetic 
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resonance imaging (MRI) augmented by AI can quantify 

myocardial fibrosis, offering prognostic insights into risks 

of arrhythmias and sudden cardiac death that extend 

beyond left ventricular ejection fraction measurements[78, 

79]. 

The growing use of wearable technologies, such as 

smartwatches and ambulatory monitors, has further 

expanded AI’s role in risk prediction[43, 80]. Continuous 

data streams from wearable sensors—capturing metrics 

like heart rate variability, physical activity, and sleep 

patterns—are analyzed by AI models to predict heart 

failure exacerbations, arrhythmic events, or ischemic 

episodes. These models enable the real-time, remote 

monitoring of patients, allowing clinicians to intervene 

proactively, often before clinical deterioration becomes 

apparent. Wearable devices enhanced with AI algorithms 

have also facilitated the early detection of asymptomatic 

atrial fibrillation, reducing the risk of stroke through 

timely initiation of anticoagulation therapy[81, 82]. 

Importantly, AI enables a paradigm shift toward dynamic, 

personalized risk stratification[83, 84]. Unlike static 

traditional models, AI algorithms can continuously update 

a patient's risk profile as new clinical data become 

available, allowing for a more precise and evolving 

approach to prevention and management[85]. This 

dynamic modeling supports precision medicine initiatives, 

offering tailored recommendations for surveillance 

intensity, pharmacologic interventions, and lifestyle 

modifications[32, 86]. Artificial intelligence (AI) in 

cardiac imaging, highlighting its applications across 

various stages of the imaging process as in Figure 3. 

 

 

Figure 3. Targets for AI applications across the primary activities of the cardiovascular imaging value chain. 
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Despite these advances, challenges remain in the 

widespread adoption of AI-based risk prediction 

models[87, 88]. Generalizability across diverse 

populations is a significant concern, as many models are 

trained on homogeneous datasets and may perform 

suboptimally in underrepresented groups[49]. Bias and 

fairness in AI must be rigorously addressed to avoid 

perpetuating health disparities. Furthermore, the "black 

box" nature of many deep learning algorithms raises 

concerns about interpretability, limiting clinician trust and 

hindering integration into clinical practice[89]. To 

overcome these barriers, ongoing efforts focus on 

developing explainable AI models, external validation 

across different cohorts, and embedding ethical 

considerations into AI design and deployment[90, 91]. 

4. Personalized Management and Therapeutic 

Guidance 

Personalized management is rapidly emerging as a 

cornerstone of modern cardiovascular care, where 

treatment strategies are tailored to individual patient 

characteristics, risk profiles, and responses to therapy[92]. 

The advent of artificial intelligence (AI) has catalyzed this 

shift, providing sophisticated tools to optimize therapeutic 

decision-making and personalize interventions [93]. AI 

models can analyze complex datasets from diverse 

sources—such as electronic health records (EHR), genetic 

data, imaging results, and continuous physiological 

monitoring—to offer individualized management 

recommendations that go beyond the capabilities of 

traditional, one-size-fits-all treatment approaches [94, 95]. 

AI plays a pivotal role in optimizing drug therapy in 

cardiovascular diseases by identifying the most effective 

pharmacological treatments for each patient. Machine 

learning algorithms trained on large datasets of patient 

outcomes and genetic information can predict how 

individual patients will respond to specific drugs. For 

example, AI can guide the selection of antihypertensive 

medications, antiplatelet therapies, and statins based on 

genetic predispositions, comorbidities, and previous 

treatment responses. In the management of heart failure, 

AI models can predict which patients are most likely to 

benefit from certain medications, such as angiotensin-

converting enzyme (ACE) inhibitors, beta-blockers, or 

newer medications like sodium-glucose cotransporter-2 

(SGLT2) inhibitors, thus improving the chances of 

therapeutic success and minimizing adverse effects[96, 

97]. 

In addition to medication optimization, AI facilitates the 

development of personalized treatment regimens that 

combine pharmacologic therapies with lifestyle 

interventions[97]. For instance, AI systems can integrate 

patient-specific data to provide tailored recommendations 

for dietary modifications, exercise programs, and smoking 

cessation strategies [98]. This holistic approach to 

managing cardiovascular disease has the potential to 

improve long-term outcomes, as lifestyle factors are often 

just as important as pharmacotherapy in reducing 

cardiovascular risk. Furthermore, AI models that analyze 

continuous data from wearable devices—such as heart 

rate, physical activity, and sleep patterns—can provide 

real-time feedback and guide patients in adjusting their 

behaviors to better manage their cardiovascular health[99]. 

AI is also proving invaluable in the personalized 

management of complex cardiovascular conditions, such 

as coronary artery disease (CAD), arrhythmias, and 

valvular heart disease[35, 100]. In CAD, AI-driven 

decision support tools can integrate coronary imaging, 

clinical risk factors, and patient history to help determine 

the most appropriate interventions, whether they be 

medical management, angioplasty, or coronary artery 

bypass grafting (CABG)[101, 102]. For arrhythmias, AI 

can help identify patients who would benefit from device 

implantation, such as pacemakers or implantable 

cardioverter defibrillators (ICDs), based on predictive 

algorithms that assess arrhythmic risk in individual 

patients[103]. Similarly, in valvular heart disease, AI 

models can predict the optimal timing for valve surgery or 

percutaneous interventions by analyzing 

echocardiographic data, hemodynamic parameters, and 

patient comorbidities, thereby ensuring that interventions 

are implemented at the most opportune time[101, 104]. 

A particularly promising application of AI in 

personalized cardiovascular management is the 

optimization of chronic disease management through 

continuous monitoring[105]. Wearable devices, such as 

smartwatches and mobile health apps, provide continuous 

data on vital signs like heart rate, blood pressure, and ECG 

readings. AI algorithms can process these data in real time 

to identify early signs of deterioration, such as worsening 

heart failure or arrhythmia[83, 106]. This enables 

clinicians to intervene before a clinical event occurs, 

providing a more proactive approach to disease 

management[96, 107, 108]. For example, AI can detect 

irregularities in heart rate variability or changes in physical 

activity patterns that may indicate early signs of heart 

failure decompensation, enabling timely adjustments to 

treatment plans. 

The integration of AI in cardiovascular management is 

not without challenges, however. One of the major hurdles 

is the integration of AI-driven recommendations into 

clinical workflows. Clinicians must trust AI systems to 

provide reliable and actionable insights, but the "black 

box" nature of many AI algorithms can make it difficult to 
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understand the rationale behind specific 

recommendations[109]. This challenge highlights the 

importance of developing explainable AI models that 

provide clinicians with clear, interpretable reasoning for 

their suggestions[110]. Moreover, AI systems must be 

validated in diverse clinical settings to ensure their 

effectiveness across different patient populations and 

healthcare systems. Despite these challenges, the potential 

for AI to revolutionize personalized cardiovascular 

management is vast. By offering more precise, data-driven 

recommendations, AI can help clinicians select the best 

treatment plans, improve patient outcomes, and enhance 

the efficiency of healthcare delivery [88, 111]. The 

combination of personalized pharmacologic therapies, 

lifestyle interventions, and real-time monitoring powered 

by AI is poised to usher in a new era of cardiovascular 

care—one that is more tailored to the needs of individual 

patients, with the goal of optimizing health outcomes and 

quality of life. 

5. Challenges and Limitations 

While the integration of artificial intelligence (AI) in 

cardiovascular medicine holds immense promise, several 

challenges and limitations must be addressed before AI can 

be widely adopted into clinical practice[112, 113]. These 

challenges span technical, ethical, and practical concerns, 

and resolving them will be crucial for ensuring that AI 

technologies are effectively and safely implemented to 

improve patient care. AI in cardiovascular medicine faces 

challenges related to data availability, bias, and 

explainability, alongside concerns about ethical 

implications and regulatory hurdles as highlighted in 

Figure 4. 

 

Figure 4: Challenges and Opportunities of AI in cardiovascular medicine. 

 

5.1. Data Quality and Quantity 

A fundamental challenge in developing AI models is the 

availability and quality of data. AI algorithms rely heavily 

on large, high-quality datasets to learn and generalize 

accurately [114]. In the context of cardiovascular disease, 

this means access to comprehensive patient data, including 

clinical records, laboratory results, imaging studies, and 

genetic information. However, data quality can be 

inconsistent across healthcare systems, and incomplete or 

inaccurate data can lead to flawed AI predictions[115, 

116]. Moreover, large datasets are necessary for training 

deep learning models, which can be difficult to obtain, 

particularly for rare cardiovascular conditions or certain 

demographic groups [117, 118]. Ensuring that datasets are 

representative of diverse populations, including ethnic 

minorities and underrepresented groups, is critical for 
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developing AI models that are generalizable and applicable 

to a wide range of patients[119]. 

5.2. Algorithm Interpretability 

Another significant challenge is the interpretability of 

AI algorithms, particularly deep learning models, which 

are often described as “black boxes”[120]. While these 

models can achieve remarkable accuracy, understanding 

the reasoning behind their predictions can be difficult. This 

lack of transparency poses a significant barrier to their 

clinical adoption, as clinicians must be able to trust and 

comprehend AI-driven recommendations[121]. Without 

clear explanations of how a model arrives at a particular 

conclusion, clinicians may be hesitant to rely on AI in 

high-stakes clinical decision-making. The development of 

explainable AI (XAI) is a priority in the field, with efforts 

focused on creating algorithms that provide interpretable 

and transparent outputs[122]. For example, models that 

highlight which input features (such as specific biomarkers 

or imaging findings) influenced the prediction can enhance 

clinicians’ confidence in AI-based recommendations. 

5.3. Generalizability Across Populations 

AI models trained on data from specific populations 

may not generalize well to other demographic groups, 

leading to performance disparities [123]. For instance, 

algorithms trained predominantly on data from high-

income countries may not perform as well when applied to 

populations with different healthcare systems, social 

determinants of health, or disease characteristics[124]. 

This issue is particularly concerning in the context of 

health disparities, as AI models could inadvertently 

perpetuate existing biases and inequalities in healthcare. To 

mitigate this risk, it is essential to train AI models on 

diverse and representative datasets that encompass 

different age groups, ethnicities, geographic regions, and 

socioeconomic backgrounds[125]. Additionally, external 

validation of AI models in real-world clinical settings is 

necessary to ensure that they are effective across a broad 

range of patient populations[126, 127]. 

5.4. Regulatory and Ethical Considerations 

The deployment of AI in clinical practice also raises 

important regulatory and ethical concerns. Regulatory 

bodies, such as the U.S. Food and Drug Administration 

(FDA) and the European Medicines Agency (EMA), must 

establish clear guidelines for the approval and monitoring 

of AI-based medical devices and software[128]. These 

guidelines should ensure that AI technologies meet 

rigorous standards of safety, efficacy, and reliability before 

they are introduced into clinical settings. Moreover, ethical 

considerations regarding patient privacy and data security 

must be addressed, as AI systems often require access to 

sensitive personal health information. Ensuring that data is 

handled securely and with informed consent is paramount 

to maintaining patient trust[129, 130]. 

Another ethical challenge is the potential for AI to 

exacerbate existing biases in healthcare[131]. AI models 

trained on biased or unrepresentative data may result in 

discriminatory outcomes, particularly in underserved or 

vulnerable populations[132]. For example, an AI model 

trained on predominantly male patients may be less 

accurate in diagnosing cardiovascular disease in 

women[133]. Addressing these biases requires careful 

attention during the data collection and model training 

phases, as well as continuous monitoring for potential 

disparities in clinical outcomes. 

5.5. Integration into Clinical Workflows 

The integration of AI into existing clinical workflows 

presents another significant challenge[134]. Healthcare 

systems are often burdened by complex, fragmented 

processes, and incorporating AI tools into these systems 

can be logistically and administratively challenging [81, 

135]. AI-driven decision support systems must be 

seamlessly integrated with existing electronic health record 

(EHR) platforms to ensure that clinicians can easily access 

and interpret AI-based recommendations without 

disrupting their workflow[136]. Additionally, there is a 

need for training and education to ensure that healthcare 

providers are equipped with the skills and knowledge to 

effectively use AI tools. This may involve redesigning 

clinical training programs and fostering interdisciplinary 

collaboration between AI researchers and healthcare 

professionals. 

5.6. Ethical and Legal Liability 

As AI becomes more involved in clinical decision-

making, questions around liability and responsibility in 

case of adverse outcomes will arise. If an AI system makes 

a faulty recommendation that leads to patient harm, who is 

responsible? Is it the healthcare provider, the AI developer, 

or the institution that implemented the system? These legal 

and ethical questions remain unresolved and require 

careful consideration as AI becomes a routine part of 

clinical practice. Clear guidelines for liability and 

accountability must be established to address these 

concerns[137, 138]. 

5.7. Resource Limitations 

Finally, the implementation of AI technologies requires 

significant resources, including computational power, 

specialized software, and technical expertise. Smaller 

healthcare institutions or those in low-resource settings 

may face challenges in acquiring the necessary 

infrastructure to deploy AI systems effectively[75]. This 

could result in disparities in access to AI-driven healthcare, 
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with wealthier institutions or countries having a distinct 

advantage. Ensuring equitable access to AI technologies 

and addressing resource limitations will be important for 

the widespread adoption of AI in global cardiovascular 

care[139]. 

6. Future Directions 

One of the most exciting future directions for AI in 

cardiovascular medicine is the advancement of real-time, 

continuous monitoring systems. With the proliferation of 

wearable devices and implantable sensors, AI algorithms 

will increasingly be able to provide continuous data 

streams on patients' cardiovascular health[140, 141]. This 

will enable the development of highly personalized, 

dynamic treatment plans that adjust in real-time based on a 

patient’s changing physiological state. For instance, AI 

models could monitor heart rate variability, blood pressure 

fluctuations, and activity levels, and dynamically adjust 

medications or recommend interventions based on detected 

trends, helping to prevent acute events before they 

occur[14, 142]. 

Additionally, there is growing interest in the use of AI 

for precision medicine in cardiovascular disease. By 

integrating data from genetic sequencing, biomarkers, 

imaging, and lifestyle factors, AI algorithms could identify 

individualized risk profiles and recommend the most 

effective, personalized treatment plans[143]. Precision 

medicine promises to significantly improve the efficacy of 

cardiovascular treatments, ensuring that patients receive 

therapies that are specifically tailored to their genetic 

makeup and disease characteristics. This approach could 

be particularly valuable in the treatment of complex 

cardiovascular conditions, such as heart failure, where 

response to therapy can vary significantly between 

patients[144]. 

Another exciting area of development is the use of AI in 

early detection and prevention[145]. AI algorithms, 

especially those using deep learning techniques, can detect 

subtle patterns in imaging studies, biomarkers, and patient 

history that may indicate early stages of cardiovascular 

disease. The ability to identify individuals at high risk 

before symptoms manifest would enable earlier, more 

effective interventions[146, 147]. For example, AI systems 

could analyze routine health checkups and imaging studies 

to identify undiagnosed risk factors such as coronary artery 

disease or aortic stenosis, leading to earlier treatment and 

potentially preventing life-threatening cardiovascular 

events. 

The integration of AI with genomics and precision 

diagnostics will likely become a cornerstone of 

cardiovascular care[148]. AI-powered systems can analyze 

vast amounts of genomic data to uncover genetic 

predispositions to cardiovascular diseases and predict how 

patients will respond to certain therapies[149, 150]. As 

sequencing technology becomes more accessible and cost-

effective, AI will be essential in interpreting the complex 

genomic information and translating it into actionable 

insights for personalized care. 

Moreover, the evolution of explainable AI (XAI) 

will be critical for the widespread acceptance and 

implementation of AI in clinical practice[151]. As AI 

algorithms become more transparent and interpretable, 

clinicians will be able to better understand the rationale 

behind AI-driven recommendations, leading to improved 

trust and clinical adoption. Future advancements in XAI 

could provide explanations for how specific features, such 

as patient demographics, biomarkers, and clinical history, 

contribute to an AI model’s decision, making AI-driven 

diagnostics and management more accessible and 

understandable for clinicians. 

7. Conclusion 

In conclusion, AI has the potential to fundamentally 

transform the landscape of cardiovascular medicine by 

enhancing diagnostic accuracy, optimizing personalized 

treatment strategies, and improving patient outcomes. 

While several challenges remain, such as data quality, 

algorithm interpretability, and integration into clinical 

workflows, the advancements in AI technology over the 

past decade demonstrate its immense promise. The future 

of AI in cardiovascular disease will likely involve deeper 

integration with patient monitoring systems, the 

development of precision medicine strategies, and early 

disease detection, all of which could significantly reduce 

the burden of cardiovascular disease globally. However, 

careful attention must be paid to ethical considerations, 

regulatory standards, and ensuring the equitable 

distribution of AI technologies to avoid exacerbating 

existing healthcare disparities. 

As AI continues to evolve and mature, it will 

undoubtedly become an indispensable tool in the 

cardiologist’s armamentarium, enabling more accurate 

diagnoses, better-targeted treatments, and ultimately, 

improved patient care. The future of AI in cardiovascular 

medicine is bright, and ongoing research will pave the way 

for more effective, personalized, and accessible 

cardiovascular healthcare solutions. 

Acknowledgement:  

The authors would like to acknowledge National 

University of Medical Sciences (NUMS), Punjab, 

Pakistan, and the University of Pennsylvania, United State 

Conflict of Interest:  

The authors declare no conflict of interest. 



S.Ikram et al. / IJBMSP, Vol. 12, No. 1, pp. 26-38, June 2025 

 

35 

References 

[1] Gaziano, T.A., Cardiovascular diseases worldwide. Public 

Health Approach Cardiovasc. Dis. Prev. Manag, 2022. 1: p. 8-

18. 

[2] Abbas, A., et al., A comprehensive review: epidemiological 

strategies, catheterization and biomarkers used as a bioweapon 

in diagnosis and management of cardio vascular diseases. 

Current Problems in Cardiology, 2023. 48(7): p. 101661. 

[3] Suh, T.C., A.Y. Amanah, and J.M. Gluck, Electrospun scaffolds 

and induced pluripotent stem cell-derived cardiomyocytes for 

cardiac tissue engineering applications. Bioengineering, 2020. 

7(3): p. 105. 

[4] Kaur, N., Stressed cardiomyocytes in diabetes disrupt 

intercellular harmony. 2022: The University of Manchester 

(United Kingdom). 

[5] Chaudhari, R., V. Patel, and A. Kumar, Cutting-edge approaches 

for targeted drug delivery in breast cancer: beyond 

conventional therapies. Nanoscale Advances, 2024. 

[6] Yu, J., et al., Research progress on dendritic cell vaccines in 

cancer immunotherapy. Experimental hematology & oncology, 

2022. 11(1): p. 3. 

[7] Cascallar, M., et al., What zebrafish and nanotechnology can 

offer for cancer treatments in the age of personalized 

medicine. Cancers, 2022. 14(9): p. 2238. 

[8] Zhang, M.-R., et al., Advancements in stimulus-responsive co-

delivery nanocarriers for enhanced cancer immunotherapy. 

International Journal of Nanomedicine, 2024: p. 3387-3404. 

[9] Ioele, G., et al., Anticancer drugs: recent strategies to improve 

stability profile, pharmacokinetic and pharmacodynamic 

properties. Molecules, 2022. 27(17): p. 5436. 

[10] Goswami, D., The Role Of Machine Learning In Transforming 

Healthcare: A Systematic Review. Non human journal, 2024. 

1(01): p. 10.70008. 

[11] Hanna, M.G., et al., Future of Artificial Intelligence (AI)-

Machine Learning (ML) Trends in Pathology and Medicine. 

Modern Pathology, 2025: p. 100705. 

[12] Rahmani, P., et al., Machine Learning and Artificial 

Intelligence in Modern Medicine, in A Glimpse at Medicine in 

the Future. 2024, Springer. p. 61-77. 

[13] Ullah, M., et al., Cancer nanomedicine: Smart arsenal in the 

war against cancer. Inorganic Chemistry Communications, 

2025: p. 114030. 

[14] Srinivasan, S.M. and V. Sharma, Applications of AI in 

cardiovascular disease detection—A review of the specific 

ways in which AI is being used to detect and diagnose 

cardiovascular diseases. AI in Disease Detection: 

Advancements and Applications, 2025: p. 123-146. 

[15] Olawade, D.B., et al., Advancements and applications of 

Artificial Intelligence in cardiology: Current trends and future 

prospects. Journal of Medicine, Surgery, and Public Health, 

2024: p. 100109. 

[16] Siontis, K.C., et al., Artificial intelligence-enhanced 

electrocardiography in cardiovascular disease management. 

Nature Reviews Cardiology, 2021. 18(7): p. 465-478. 

[17] Ullah, M., et al., Stent as a novel technology for coronary 

artery disease and their clinical manifestation. Current 

Problems in Cardiology, 2023. 48(1): p. 101415. 

[18] Lee, J., et al., Elucidating a Tumor‐Selective Nanoparticle 

Delivery Mechanism at the Colorectal Lumen–Tumor 

Interface for Precise Local Cancer Therapy. Small, 2025. 21. 

[19] Korteling, J., et al., Human-versus artificial intelligence. 

Frontiers in artificial intelligence, 2021. 4: p. 622364. 

[20] Alkatheiri, M.S., Artificial intelligence assisted improved 

human-computer interactions for computer systems. 

Computers and Electrical Engineering, 2022. 101: p. 107950. 

[21] Ullah, M., et al., Introduction to Gastrointestinal Inflammation 

and Gut Microbiota. 2025. p. 1-13. 

[22] Joksimovic, S., et al., Opportunities of artificial intelligence 

for supporting complex problem-solving: Findings from a 

scoping review. Computers and Education: Artificial 

Intelligence, 2023. 4: p. 100138. 

[23] Markauskaite, L., et al., Rethinking the entwinement between 

artificial intelligence and human learning: What capabilities 

do learners need for a world with AI? Computers and 

Education: Artificial Intelligence, 2022. 3: p. 100056. 

[24] Sarker, I.H., AI-based modeling: techniques, applications and 

research issues towards automation, intelligent and smart 

systems. SN computer science, 2022. 3(2): p. 158. 

[25] Aldoseri, A., K.N. Al-Khalifa, and A.M. Hamouda, Re-

thinking data strategy and integration for artificial 

intelligence: concepts, opportunities, and challenges. Applied 

Sciences, 2023. 13(12): p. 7082. 

[26] Hamayun, S., et al., Rational Therapeutic Approaches for the 

Management of Congestive Cardiac Failure. Journal of Bashir 

Institute of Health Sciences, 2023. 4(1): p. 62-68. 

[27] Siddiq, M., Use of Machine Learning to predict patient 

developing a disease or condition for early diagnose. 

International Journal of Multidisciplinary Sciences and Arts, 

2022. 1(1): p. 591841. 

[28] Aftab, M., et al., Recent Trends and Future Directions in 3D 

Printing of Biocompatible Polymers. Journal of 

Manufacturing and Materials Processing, 2025. 9: p. 129. 

[29] Beaulieu-Jones, B.K., et al., Machine learning for patient risk 

stratification: standing on, or looking over, the shoulders of 

clinicians? NPJ digital medicine, 2021. 4(1): p. 62. 

[30] Kourou, K., et al., Applied machine learning in cancer 

research: A systematic review for patient diagnosis, 

classification and prognosis. Computational and Structural 

Biotechnology Journal, 2021. 19: p. 5546-5555. 

[31] Lee, J., et al., On-site sol-gel-sol transition of alginate enables 

reversible shielding/deshielding of tumor cell-activated 

nanoconjugates for precise local colorectal cancer therapy. 

Chemical Engineering Journal, 2025. 505: p. 158935. 

[32] Mohsin, S.N., et al., The role of artificial intelligence in 

prediction, risk stratification, and personalized treatment 

planning for congenital heart diseases. Cureus, 2023. 15(8). 

[33] Thatoi, P., et al., Natural language processing (NLP) in the 

extraction of clinical information from electronic health 

records (EHRs) for cancer prognosis. International Journal, 

2023. 10(4): p. 2676-2694. 

[34] Sezgin, E., et al., Extracting medical information from free-

text and unstructured patient-generated health data using 

natural language processing methods: feasibility study with 

real-world data. JMIR Formative Research, 2023. 7: p. 

e43014. 

[35] Hasan, N., et al., Recent advancements of nitric oxide-

releasing hydrogels for wound dressing applications. Journal 

of Pharmaceutical Investigation, 2023. 53(6): p. 781-801. 

[36] Hossain, M.R., et al., Natural Language Processing (NLP) in 

Analyzing Electronic Health Records for Better Decision 

Making. Journal of Computer Science and Technology 

Studies, 2024. 6(5): p. 216-228. 

[37] Patil, S.S. and V. Moorthy. Extraction of unstructured 

electronic healthcare records using natural language 

processing. in 2023 International Conference on Networking 

and Communications (ICNWC). 2023. IEEE. 

[38] Kosiorowska, P., et al., Overview of medical analysis 

capabilities in radiology of current Artificial Intelligence 

models. Quality in Sport, 2024. 20: p. 53933-53933. 

[39] Addissouky, T.A., Revolutionizing Total Knee Arthroplasty: 

The Integration and Impact of Artificial Intelligence across the 

Care Continuum. J. Clinical Orthopedics and Trauma Care, 

2024. 6(7): p. 2694-0248. 

[40] Khan, S., et al., Antibacterial Assessment of Biofabricated 

Magnesium Oxide Nanoparticles (MgO NPs) using 

Conocarpus erectus Leaf Extract. Journal of Women Medical 

and Dental College, 2022. 1. 

[41] Gupta, R.K., Limitations and Future Role of AI Systems. 



S.Ikram et al. / IJBMSP, Vol. 12, No. 1, pp. 26-38, June 2025 

 

36 

[42] Baghdadi, N.A., et al., Advanced machine learning techniques 

for cardiovascular disease early detection and diagnosis. 

Journal of Big Data, 2023. 10(1): p. 144. 

[43] Almansouri, N.E., et al., Early diagnosis of cardiovascular 

diseases in the era of artificial intelligence: An in-depth 

review. Cureus, 2024. 16(3). 

[44] Barkas, F., et al., Advancements in risk stratification and 

management strategies in primary cardiovascular prevention. 

Atherosclerosis, 2024. 395: p. 117579. 

[45] Lüscher, T.F., et al., Artificial intelligence in cardiovascular 

medicine: clinical applications. European heart journal, 2024. 

45(40): p. 4291-4304. 

[46] Amin, Z., et al., Fundamentals of Nanotechnology, in 

Revolutionizing Agriculture: A Comprehensive Exploration of 

Agri-Nanotechnology. 2024, Springer. p. 1-16. 

[47] Muzammil, M.A., et al., Artificial intelligence-enhanced 

electrocardiography for accurate diagnosis and management of 

cardiovascular diseases. Journal of Electrocardiology, 2024. 

83: p. 30-40. 

[48] Ullah, M., et al., Coronavirus and its Terrifying Inning around 

the Globe: The Pharmaceutical Cares at the main Frontline. 

Chemosphere, 2021. 275: p. 129968. 

[49] Safdar, M., et al., Genomic insights into heart health: 

Exploring the genetic basis of cardiovascular disease. Current 

Problems in Cardiology, 2024. 49(1): p. 102182. 

[50] Xu, J., et al., Identifying Hypertrophic or Dilated 

Cardiomyopathy: Development and Validation of a Fine-

Tuned ResNet50 Model Based on Electrocardiogram Image. 

Bioengineering, 2025. 12(3): p. 250. 

[51] Lin, W.-Y., et al., Development of an Artificial Intelligence-

Enabled Electrocardiography to Detect 23 Cardiac 

Arrhythmias and Predict Cardiovascular Outcomes. Journal of 

Medical Systems, 2025. 49(1): p. 51. 

[52] Siciliano, G.G., et al., Artificial Intelligence Applications in 

Cardiac CT Imaging for Ischemic Disease Assessment. 

Echocardiography, 2025. 42(2): p. e70098. 

[53] Waleed, A., et al., Nanotechnology and biomedical devices 

used as a novel tool in biosensing and bioimaging of disease. 

Journal of Women Medical and Dental College, 2023. 1(4). 

[54] Gossmann, A., et al., Considerations in the assessment of 

machine learning algorithm performance for medical imaging, 

in Deep Learning for Medical Image Analysis. 2024, Elsevier. 

p. 473-507. 

[55] Serruys, P.W., et al., Computed tomographic angiography in 

coronary artery disease. EuroIntervention, 2023. 18(16): p. 

e1307. 

[56] Hamayun, S., et al., Drug-Coated Balloon Percutaneous 

Coronary Intervention in ST-Elevation Myocardial Infarction 

(STEMI): A Novel Therapeutic Approach. International 

Journal of Basic Medical Sciences and Pharmacy (IJBMSP), 

2025. 11(2). 

[57] Hasan, N., J. Palungan, and M. Ullah, Gene editing techniques 

in cancer research. 2025. 

[58] Kotha, S., et al., Role of epicardial adipose tissue in diabetic 

cardiomyopathy through the lens of cardiovascular magnetic 

resonance imaging–a narrative review. Therapeutic Advances 

in Endocrinology and Metabolism, 2024. 15: p. 

20420188241229540. 

[59] Al-antari, M.A., et al., Deep learning myocardial infarction 

segmentation framework from cardiac magnetic resonance 

images. Biomedical Signal Processing and Control, 2024. 89: 

p. 105710. 

[60] Kumar, R., et al., CBAR-UNet: A novel methodology for 

segmentation of cardiac magnetic resonance images using 

block attention-based deep residual neural network. 

Multimedia Tools and Applications, 2024: p. 1-17. 

[61] Hasan, N., et al., Nanoparticle-based drug delivery system for 

Oral Cancer: Mechanism, challenges, and therapeutic 

potential. Results in Chemistry, 2025. 14: p. 102068. 

[62] Sulek, R., et al., Support Preferences and Clinical Decision 

Support Systems (CDSS) in the Clinical Care of Autistic 

Children: Stakeholder Perspectives. Advances in 

Neurodevelopmental Disorders, 2024: p. 1-11. 

[63] Medhi, D., et al., Artificial intelligence and its role in 

diagnosing heart failure: A narrative review. Cureus, 2024. 

16(5). 

[64] Zhang, G., et al., AI hybrid survival assessment for advanced 

heart failure patients with renal dysfunction. Nature 

Communications, 2024. 15(1): p. 6756. 

[65] Aftab, M., et al., Recent Trends and Future Directions in 3D 

Printing of Biocompatible Polymers. Journal of 

Manufacturing and Materials Processing, 2025. 9(4): p. 129. 

[66] Aamir, A., et al., Exploring the current and prospective role of 

artificial intelligence in disease diagnosis. Annals of Medicine 

and Surgery, 2024. 86(2): p. 943-949. 

[67] Safdar, M., et al., Microbiome Miracles and their Pioneering 

Advances and Future Frontiers in Cardiovascular Disease. 

Current Problems in Cardiology, 2024: p. 102686. 

[68] Solanki, N.D., et al., Comparison of American College of 

Cardiology/American Heart Association Cardiovascular Risk 

Score, Framingham Risk Scores, European Society of 

Cardiology Cardiovascular Disease Risk Calculator, QRISK3-

2018 Risk Calculator in Patients Presenting with First Time 

with Myocardial Infarction: A Step toward the Development 

of Indian Cardiac Risk Score. Apollo Medicine, 2024. 21(3): 

p. 218-223. 

[69] Alifah, N., et al., Development of clindamycin-releasing 

polyvinyl alcohol hydrogel with self-healing property for the 

effective treatment of biofilm-infected wounds. Gels, 2024. 

10(7): p. 482. 

[70] Sirisena, A.U., et al., Comparison of a new noninvasive Jos 

CVD risk app and ASCVD estimator plus app for prediction 

of atherosclerotic cardiovascular disease (ASCVD) risk in 

Sub-Saharan African adult populations. Exploratory Research 

and Hypothesis in Medicine, 2024. 9(1): p. 10-14. 

[71] Ekundayo, F. and H. Nyavor, AI-Driven Predictive Analytics 

in Cardiovascular Diseases: Integrating Big Data and Machine 

Learning for Early Diagnosis and Risk Prediction. 

[72] Kiberu, Y., et al., Myocardial Scar Imaging: Viability Beyond 

REVIVED. Current Cardiovascular Imaging Reports, 2024. 

17(10): p. 107-114. 

[73] Neiman, Z.M., et al., Monitoring of remotely reprogrammable 

implantable loop recorders with algorithms to reduce 

false‐positive alerts. Journal of the American Heart 

Association, 2024. 13(5): p. e032890. 

[74] Patel, S.J., et al., Advancements in Artificial Intelligence for 

Precision Diagnosis and Treatment of Myocardial Infarction: 

A Comprehensive Review of Clinical Trials and Randomized 

Controlled Trials. Cureus, 2024. 16(5). 

[75] Safdar, M., et al., Microbiome Miracles and their Pioneering 

Advances and Future Frontiers in Cardiovascular Disease. 

Current Problems in Cardiology, 2024. 49: p. 102686. 

[76] Shear, B., et al., Assessing the diagnostic accuracy and 

prognostic utility of artificial intelligence detection and 

grading of coronary artery calcification on non-gated CT 

thorax. Clinical Radiology, 2025: p. 106909. 

[77] Xiao, H., et al., Coronary artery calcium scoring assessment in 

ultra-low-dose chest computed tomography. Clinical Imaging, 

2024. 106: p. 110045. 

[78] Matusik, P.S., et al., Cardiac Magnetic Resonance Imaging in 

Diagnostics and Cardiovascular Risk Assessment. 

Diagnostics, 2025. 15(2): p. 178. 

[79] Larrivee, D., New Advances in Magnetic Resonance Imaging. 

2024: BoD–Books on Demand. 

[80] Ullah, A., M. Ullah, and S.I. Lim, Recent advancements in 

nanotechnology based drug delivery for the management of 

cardiovascular disease. Current problems in cardiology, 2024. 

49(4): p. 102396. 



S.Ikram et al. / IJBMSP, Vol. 12, No. 1, pp. 26-38, June 2025 

 

37 

[81] Ullah, M., et al., 3D printing technology: A new approach for 

the fabrication of personalized and customized 

pharmaceuticals. European Polymer Journal, 2023. 195: p. 

112240. 

[82] Castillo, E.A., Engineering the Microenvironment at the 

Protein-Hydrogel Interface to Investigate the Role of the 

Extracellular Matrix Protein Type in Single Cell 

Cardiomyocyte Structure and Function. 2021: Stanford 

University. 

[83] Nechita, L.C., et al., AI and Smart Devices in Cardio-

Oncology: Advancements in Cardiotoxicity Prediction and 

Cardiovascular Monitoring. Diagnostics, 2025. 15(6): p. 787. 

[84] Fumanelli, J., ICD´ s efficiency in a single centre paediatric 

population: rates of discharge, prevention of SCD and bridge 

to heart transplantation. 2025. 

[85] Khalifa, M. and M. Albadawy, Artificial intelligence for 

clinical prediction: exploring key domains and essential 

functions. Computer Methods and Programs in Biomedicine 

Update, 2024: p. 100148. 

[86] Aminizadeh, S., et al., Opportunities and challenges of 

artificial intelligence and distributed systems to improve the 

quality of healthcare service. Artificial Intelligence in 

Medicine, 2024. 149: p. 102779. 

[87] Habbal, A., M.K. Ali, and M.A. Abuzaraida, Artificial 

Intelligence Trust, risk and security management (AI trism): 

Frameworks, applications, challenges and future research 

directions. Expert Systems with Applications, 2024. 240: p. 

122442. 

[88] Hasan, N., et al., Nanoparticle-based drug delivery system for 

Oral Cancer: Mechanism, challenges, and therapeutic 

potential. Results in Chemistry, 2025: p. 102068. 

[89] Kulsoom, J., et al., Nano-Based Drug Delivery Systems in 

Plants, in Revolutionizing Agriculture: A Comprehensive 

Exploration of Agri-Nanotechnology. 2024, Springer. p. 307-

323. 

[90] lo Conte, D.L., Enhancing decision-making with data-driven 

insights in critical situations: impact and implications of AI-

powered predictive solutions. 2025. 

[91] Williamson, S.M. and V. Prybutok, Balancing privacy and 

progress: a review of privacy challenges, systemic oversight, 

and patient perceptions in AI-driven healthcare. Applied 

Sciences, 2024. 14(2): p. 675. 

[92] Narkhede, M., et al., Review on Emerging Therapeutic 

Strategies for Managing Cardiovascular Disease. Current 

Cardiology Reviews, 2024. 20(4): p. 86-100. 

[93] Sherani, A.M.K., et al., Synergizing AI and Healthcare: 

Pioneering advances in cancer medicine for personalized 

treatment. International Journal of Multidisciplinary Sciences 

and Arts, 2024. 3(2): p. 270-277. 

[94] Ullah, M., et al., Shaping the future of cardiovascular disease 

by 3D printing applications in stent technology and its clinical 

outcomes. Current Problems in Cardiology, 2024. 49(1): p. 

102039. 

[95] Mazumdar, H., et al., Artificial intelligence for personalized 

nanomedicine; from material selection to patient outcomes. 

Expert Opinion on Drug Delivery, 2025. 22(1): p. 85-108. 

[96] Ullah, M., et al., Nanotechnology and Biomedical Devices 

Used as a Novel Tool in Biosensing and Bioimaging of 

Disease. Journal of Women Medical and Dental College, 

2023. 1. 

[97] Kozaily, E., et al., Accuracy and consistency of online large 

language model-based artificial intelligence chat platforms in 

answering patients' questions about heart failure. International 

Journal of Cardiology, 2024. 408: p. 132115. 

[98] Li, R., et al., Deep learning-based discovery of compounds for 

blood pressure lowering effects. Scientific Reports, 2025. 

15(1): p. 54. 

[99] Balasubramanian, A., Intelligent Health Monitoring: 

Leveraging Machine Learning and Wearables for Chronic 

Disease Management and Prevention. 

[100] Mekhael, M., et al., The relationship between atrial fibrillation 

and coronary artery disease: understanding common 

denominators. Trends in cardiovascular medicine, 2024. 34(2): 

p. 91-98. 

[101] Chung, F. and L. Roy, Cardiovascular Conditions, in 

Cardiopulmonary Physical Therapy. 2024, Routledge. p. 53-

76. 

[102] Giroletti, L., A. Graniero, and A. Agnino, Robotic-assisted 

minimally invasive direct coronary artery bypass grafting: a 

surgical technique. Journal of Clinical Medicine, 2024. 13(8): 

p. 2435. 

[103] Hung, Y., et al., Artificial Intelligence-Enabled 

Electrocardiography Predicts Future Pacemaker Implantation 

and Adverse Cardiovascular Events. Journal of Medical 

Systems, 2024. 48(1): p. 67. 

[104] Crea, P., et al., New Diseases Related to Cardiac Implantable 

Electronic Devices (CIEDs): An Overview. Journal of Clinical 

Medicine, 2025. 14(4): p. 1322. 

[105] Kolk, M.Z., et al., Prediction of sudden cardiac death using 

artificial intelligence: Current status and future directions. 

Heart Rhythm, 2024. 

[106] Somani, S.S., S.M. Narayan, and A.J. Rogers, Artificial 

intelligence in cardiac electrophysiology, in Artificial 

intelligence in clinical practice. 2024, Elsevier. p. 475-496. 

[107] Ullah, M., et al., Modified gold and polymeric gold 

nanostructures: Toxicology and biomedical applications. 

Colloid and Interface Science Communications, 2021. 42: p. 

100412. 

[108] Sherin, R.P., et al., Cardiovascular Disorders Associated With 

Acromegaly: an Update. Endocrine Practice, 2024. 30(12): p. 

1212-1219. 

[109] Nasarian, E., et al., Designing interpretable ML system to 

enhance trust in healthcare: A systematic review to proposed 

responsible clinician-AI-collaboration framework. Information 

Fusion, 2024: p. 102412. 

[110] Ullah, M., et al., Carbon Dots: New Rising Stars in the Carbon 

Family for Diagnosis and Biomedical Applications. Journal of 

Nanotheranostics, 2024. 6(1): p. 1. 

[111] Srinivasan, K., et al., Introduction to Explainable AI in 

Healthcare: Enhancing Transparency and Trust. Explainable 

Artificial Intelligence in the Healthcare Industry, 2025: p. 161-

183. 

[112] Zeb, F., et al., Nutrition and Dietary Intervention in Cancer: 

Gaps, Challenges, and Future Perspectives. Nutrition and 

Dietary Interventions in Cancer, 2024: p. 281-307. 

[113] Goktas, P. and A. Grzybowski, Shaping the future of 

healthcare: Ethical clinical challenges and pathways to 

trustworthy AI. Journal of Clinical Medicine, 2025. 14(5): p. 

1605. 

[114] Rather, I.H., S. Kumar, and A.H. Gandomi, Breaking the data 

barrier: a review of deep learning techniques for 

democratizing AI with small datasets. Artificial Intelligence 

Review, 2024. 57(9): p. 226. 

[115] Nawaz, K., et al., Role of Nutrition in the Management of 

Inflammatory Bowel Disease. Recent Progress in Nutrition, 

2025. 5(1): p. 1-76. 

[116] Gangwal, A., et al., Current strategies to address data scarcity 

in artificial intelligence-based drug discovery: A 

comprehensive review. Computers in Biology and Medicine, 

2024. 179: p. 108734. 

[117] Sinha, S. and Y.M. Lee, Challenges with developing and 

deploying AI models and applications in industrial systems. 

Discover Artificial Intelligence, 2024. 4(1): p. 55. 

[118] Ullah, A., et al., A review of recent advances in 

nanotechnology for the delivery of therapeutics in wound 

healing. Journal of Pharmaceutical Investigation, 2024. 55. 

[119] Wang, C., et al., Quality assurance for artificial intelligence: A 

study of industrial concerns, challenges and best practices. 

arXiv preprint arXiv:2402.16391, 2024. 



S.Ikram et al. / IJBMSP, Vol. 12, No. 1, pp. 26-38, June 2025 

 

38 

[120] Hassija, V., et al., Interpreting black-box models: a review on 

explainable artificial intelligence. Cognitive Computation, 

2024. 16(1): p. 45-74. 

[121] Ahmad, T., et al., Explainable AI: Interpreting Deep Learning 

Models for Decision Support. Advances in Deep Learning 

Techniques, 2024. 4(1): p. 80-108. 

[122] Στεργιούλα, Ε., Interpretability, explainability and 

trustworthiness in machine learning. 

[123] Wang, Y., From Black Boxes to Verified Mechanisms: 

Building Trustworthy Machine Learning through 

Interpretability, Robustness, and Generalization. 2025, Purdue 

University Graduate School. 

[124] Khan, S.U., et al., Single-cell RNA sequencing (scRNA-seq): 

advances and challenges for cardiovascular diseases (CVDs). 

Current problems in cardiology, 2024. 49(2): p. 102202. 

[125] Mohammadabadi, S.M.S., et al., Examination of AI's role in 

Diagnosis, Treatment, and Patient care, in Transforming 

Gender-Based Healthcare with AI and Machine Learning. 

2024, CRC Press. p. 221-238. 

[126] Brożek, B., et al., The black box problem revisited. Real and 

imaginary challenges for automated legal decision making. 

Artificial Intelligence and Law, 2024. 32(2): p. 427-440. 

[127] Alifah, N., et al., Development of Clindamycin-Releasing 

Polyvinyl Alcohol Hydrogel with Self-Healing Property for 

the Effective Treatment of Biofilm-Infected Wounds. Gels, 

2024. 10: p. 482. 

[128] Reddy, S., Global harmonisation of AI-enabled software as a 

medical device regulation: addressing challenges and unifying 

standards. Mayo Clinic Proceedings: Digital Health, 2024: p. 

100191. 

[129] Reddy, S., Global Harmonization of Artificial Intelligence-

Enabled Software as a Medical Device Regulation: 

Addressing Challenges and Unifying Standards. Mayo Clinic 

Proceedings: Digital Health, 2025. 3(1). 

[130] Biasin, E. and E. Kamenjašević, Regulatory Approaches 

Towards AI-Based Medical Device Cybersecurity: A 

Transatlantic Perspective. European Journal of Risk 

Regulation, 2024. 15(4): p. 876-886. 

[131] Pantanowitz, L., et al., Regulatory aspects of AI-ML. Modern 

Pathology, 2024: p. 100609. 

[132] Ullah, M., et al., Coronavirus and its terrifying inning around 

the globe: The pharmaceutical cares at the main frontline. 

Chemosphere, 2021. 275: p. 129968. 

[133] Mihan, A., A. Pandey, and H.G. Van Spall, Artificial 

intelligence bias in the prediction and detection of 

cardiovascular disease. npj Cardiovascular Health, 2024. 1(1): 

p. 31. 

[134] Karalis, V.D., The integration of artificial intelligence into 

clinical practice. Applied Biosciences, 2024. 3(1): p. 14-44. 

[135] Safdar, M., et al., The Evolving Landscape of Biosafety and 

Biosecurity: A Review of International Guidelines and Best 

Practices. Journal of Women Medical and Dental College, 

2023. 2. 

[136] Yin, J., et al., Designing AI-Based Work Processes: How the 

Timing of AI Advice Affects Diagnostic Decision Making. 

Management Science, 2025. 

[137] Khan, M., et al., 3D Printing Technology and Its 

Revolutionary Role in Stent Implementation in Cardiovascular 

Disease. Current Problems in Cardiology, 2024. 49: p. 

102568. 

[138] Ahamed, S.M. and J. Jabez, Bridging the Gap: Clinical 

Adoption and User Perspectives of Explainable AI in 

Healthcare. Explainable Artificial Intelligence in the 

Healthcare Industry, 2025: p. 349-374. 

[139] Khan, S., et al., Nanotherapeutic approaches for transdermal 

drug delivery systems and their biomedical applications. 

European Polymer Journal, 2024. 207: p. 112819. 

[140] Shah, M.K., et al., Challenges and opportunities of applying 

artificial intelligence to burn wound management: a narrative 

review. Journal of Nursing Reports in Clinical Practice, 2024. 

3(1): p. 78-88. 

[141] Zainab, H., et al., Integration of AI and wearable devices for 

continuous cardiac health monitoring. International Journal of 

Multidisciplinary Sciences and Arts, 2024. 3(4): p. 123-139. 

[142] Sultana, S., et al., Health Monitoring Through Wearables: A 

Systematic Review of Innovations in Cardiovascular Disease 

Detection and Prevention. Strategic Data Management & 

Innovation, 2025. 

[143] Sau, A., et al., Artificial intelligence-enhanced 

electrocardiography for the identification of a sex-related 

cardiovascular risk continuum: a retrospective cohort study. 

The Lancet Digital Health, 2025. 7(3): p. e184-e194. 

[144] Sarkhel, D., Advances in wearable biotechnology for cardiac 

monitoring. INTERNATIONAL JOURNAL, 2024. 2(1): p. 

22-30. 

[145] Tang, Z., et al., Smart healthcare systems: A new IoT-Fog 

based disease diagnosis framework for smart healthcare 

projects. Ain Shams Engineering Journal, 2024. 15(10): p. 

102941. 

[146] Kothinti, R.R., Artificial Intelligence in Disease Prediction: 

Transforming Early Diagnosis and Preventive Healthcare. 

2024. 

[147] Raina, R., et al., Artificial intelligence in early detection and 

prediction of pediatric/neonatal acute kidney injury: Current 

status and future directions. Pediatric Nephrology, 2024. 

39(8): p. 2309-2324. 

[148] Thakur, G.K., et al. AI-Driven Predictive Models for Early 

Disease Detection and Prevention. in 2024 International 

Conference on Knowledge Engineering and Communication 

Systems (ICKECS). 2024. IEEE. 

[149] Chen, Y.-M., et al., Unlocking precision medicine: clinical 

applications of integrating health records, genetics, and 

immunology through artificial intelligence. Journal of 

Biomedical Science, 2025. 32(1): p. 16. 

[150] Khan, S.U., et al., Nanotherapeutic approaches for transdermal 

drug delivery systems and their biomedical applications. 

European Polymer Journal, 2024. 207: p. 112819. 

[151] Abdullah, M., Integrating Artificial Intelligence in Precision 

Medicine: Enhancing Predictive Accuracy and Personalized 

Care in Chronic Disease Management. Medical and Life 

Sciences, 2024. 3(1): p. 6-15. 

[152] Sadeghi, Z., et al., A review of Explainable Artificial 

Intelligence in healthcare. Computers and Electrical 

Engineering, 2024. 118: p. 109370. 

[153] Abgrall, G., et al., Should AI models be explainable to 

clinicians? Critical Care, 2024. 28(1): p. 301. 

 

 


	Abstract – Cardiovascular diseases (CVDs) remain the leading cause of morbidity and mortality worldwide, necessitating innovative strategies for early diagnosis, risk stratification, and personalized management. The integration of artificial intellige...
	1. Introduction
	References

