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Abstract: Cardiovascular diseases (CVD) represent a formidable global health challenge, claiming 17.6 

million lives in 2016 alone, marking a 14.5% increase from 2006 to 2016. Alarmingly, mortality and 

morbidity rates continue to escalate, particularly in developing regions, where approximately 80% of 

CVD-related deaths occur, often at younger ages compared to high-income countries. Rapid economic 

transitions in these regions have spurred environmental shifts and unhealthy lifestyle patterns, 

exacerbating cardiovascular risk factors and the incidence of CVD. With population aging further 

compounding these challenges, the burden of CVD on individuals and societies is profound. Addressing 

this crisis necessitates innovative strategies for diagnosis and treatment, with artificial intelligence (AI) 

emerging as a potential solution. However, despite over sixty years since the inception of AI, its precise 

role in medicine remains nebulous. Questions persist regarding its impact on healthcare employment 

and delivery. This article aims to provide a succinct overview of AI's current state in clinical 

applications, drawing from available data across six thematic areas, to elucidate its potential role in 

reshaping the landscape of cardiovascular healthcare. 
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1. Introduction 

Artificial Intelligence (AI), often referred to as machine 

intelligence, embodies a branch of computer science aimed 

at simulating human cognitive processes. Proposed by Alan 

Turing over sixty years ago, AI's definition remains elusive, 

grounded in the notion that if a machine's responses are 

indistinguishable from those of a human during interaction, 

it can be deemed "intelligent." Despite ongoing debates 

about its precise definition, the consensus is that AI, as a 

multidisciplinary field, holds promise for enhancing various 

facets of human life. In the medical realm, AI stands poised 

to revolutionize areas such as diagnosis, treatment, risk 

prediction, clinical care, and drug discovery, accelerating 

its adoption in healthcare. Key AI technologies include 

machine learning, cognitive computing, and big data 

analytics. Machine learning, a cornerstone of AI, empowers 

algorithms to comprehend and learn from data, with 

supervised, unsupervised, and reinforcement learning as its 

classic genres. Supervised learning, involving labeled data, 

finds extensive application in medical diagnosis and 

treatment, providing clear clinical guidance. Conversely, 

unsupervised learning explores unlabeled datasets, 

successfully employed in cardiovascular disease prediction, 

diagnosis, treatment, and image analysis. Reinforcement 

learning, characterized by goal-oriented learning and 

reward-based feedback mechanisms, optimizes processes 

such as ventilator weaning in intensive care units. Deep 

learning, a subset of machine learning pioneered by 

Geoffrey Hinton, represents the next frontier in AI, 

characterized by its ability to automatically learn and 

program from vast datasets. Leveraging artificial neural 

networks, deep learning has achieved significant 

breakthroughs in processing image, video, voice, and audio 

data, making it particularly suitable for medical imaging 

and radiology applications. While the potential of AI and 

machine learning in healthcare is promising, their practical 

medical value remains to be fully realized and understood. 

As research in this field advances, ongoing exploration and 

validation are essential to unlock AI's full potential in 

reshaping the future of medicine. 
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2. AI in Medical  

The integration of machine learning and AI into the medical 

field holds significant promise for addressing longstanding 

challenges within the healthcare system. Despite existing 

shortcomings such as the uneven distribution of senior 

clinicians, high misdiagnosis rates among primary 

clinicians, and the lengthy training period for healthcare 

professionals, AI technology presents opportunities to 

revolutionize healthcare delivery. AI's applications in 

medicine are multifaceted and impactful. Firstly, AI aids 

clinicians in disease diagnosis and treatment optimization, 

reducing misdiagnosis rates and enhancing diagnostic 

efficiency. The emergence of deep learning enables AI to 

analyze medical images, offering clinicians more reliable 

diagnostic information. Additionally, AI's utilization of big 

data analytics enables the analysis of vast datasets, yielding 

more accurate patient predictions and supporting drug 

research and development efforts. Furthermore, the 

integration of AI with surgical robots enhances the 

precision of complex surgical procedures. 

Moreover, AI-driven advancements, coupled with big data 

analysis and cloud computing, have the potential to provide 

patients with high-quality medical services. The evolution 

of smart medical solutions and precision medicine 

facilitated by AI will streamline patient care, reducing 

waiting times and costs while ensuring safe, convenient, 

and high-quality healthcare services. Overall, the 

implementation of deep learning AI technologies stands to 

benefit cardiovascular medicine and the broader healthcare 

landscape by addressing systemic challenges and advancing 

patient care delivery. 

As mentioned above, AI has been around for a long time. 

At present, AI technologies have been applied in 

cardiovascular medicine including precision medicine, 

clinical prediction, cardiac imaging analysis and intelligent 

robots. There are optimistic prospects of the use of AI in 

cardiovascular medicine. 

 

3. Precision Medicine 

The application of AI in cardiovascular medicine holds 

promising prospects across various domains, including 

precision medicine and clinical prediction. Firstly, in 

precision medicine, AI technologies enable personalized 

healthcare delivery by facilitating remote follow-ups, 

medication reminders, and real-time disease counseling for 

patients. From the clinician's perspective, AI assists in 

voice information collection, connects electronic medical 

records systems, and reduces clinician workload. Cognitive 

computers trained through machine learning or deep 

learning algorithms are poised to aid clinicians in making 

accurate decisions and predicting patient outcomes, 

ultimately leading to the implementation of precise medical 

plans tailored to individual patients. It's widely recognized 

that AI will augment rather than replace clinicians, 

empowering them to harness AI technology to enhance 

cardiovascular disease diagnosis and treatment through data 

analysis, thus ushering in the era of precision medicine. 

Moreover, in the realm of clinical prediction, AI, fueled by 

machine learning and big data analytics, enables clinicians 

to make more accurate prognoses for patients. Research by 

Dawes TJW demonstrates AI's capability to predict 

potential time periods of death for heart disease patients 

based on cardiac MRI scans, blood tests, and patient health 

records. Their software, leveraging AI algorithms, achieves 

remarkable accuracy in predicting survival rates, surpassing 

the accuracy of clinicians' predictions. Similarly, Motwani 

M and colleagues leverage deep learning to develop 

predictive models assessing the risk of death over five years 

for suspected coronary heart disease patients. Their findings 

underscore the superiority of AI-based risk assessment over 

traditional clinical judgment methods, highlighting AI's 

potential to revolutionize clinical prediction in 

cardiovascular medicine. Overall, the integration of AI 

technologies holds immense potential to transform 

cardiovascular medicine by enabling precision medicine 

approaches and enhancing clinical prediction accuracy, 

ultimately leading to improved patient outcomes and 

healthcare delivery. 

 

Cardiac imaging analysis 

In recent years, deep learning has emerged as a 

transformative force in cardiac imaging analysis, offering 

promising avenues for advancements in the diagnosis and 

treatment of cardiovascular diseases (CVD). Deep learning 

techniques are increasingly applied to various cardiac 

imaging modalities, including coronary angiography, 

echocardiography, and electrocardiogram (ECG), 

revolutionizing the field with its accuracy and efficiency. 

Particularly in cardiac intervention, a primary treatment 

avenue for conditions like coronary heart disease (CHD) 

and acute coronary syndrome (ACS), deep learning holds 

the potential to enhance the identification of coronary 

atherosclerotic plaques with greater precision than 

traditional methods. 

One notable study conducted by Rima Arnaout, an assistant 

professor at the University of California, San Francisco, 

employed convolutional neural networks (CNNs) to 

analyze echocardiographies of 267 randomized patients 

spanning a wide age range. Through the classification of 

223,000 images into fifteen categories, the developed 

algorithm surpassed human cardiovascular physicians in 

accurately categorizing cardiac ultrasound images. 

Additionally, research by Samad et al. demonstrated the 
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ability of deep learning to predict survival with heightened 

accuracy by analyzing echocardiographic data from 

numerous cases. Furthermore, AI applications in cardiac 

imaging extend to intravascular ultrasound, optical 

coherence tomography, cardiac single-photon emission 

computed tomography (SPECT), and magnetic resonance 

imaging (MRI). These technologies enable precise 

detection of luminal borders, classification of coronary 

artery layers, diagnosis of myocardial ischemia, 

enhancement of myocardial perfusion imaging accuracy, 

and efficient cardiac segmentation visualization. 

Given that cardiovascular imaging plays a pivotal role in 

CVD diagnosis, the integration of deep learning into 

imaging diagnostics holds immense promise for improving 

reliability, accessibility, and speed of results. In the future, 

deep learning-driven advancements in cardiac imaging 

analysis are poised to revolutionize cardiovascular 

medicine, facilitating more accurate diagnoses and better 

patient outcomes. 

 

Intelligent robots 

The advent of surgical robots has ushered in a new era in 

cardiovascular medicine, enabling clinicians to perform 

complex procedures with greater precision and safety. As 

AI technology continues to evolve, the integration of AI 

with minimally invasive surgery, such as the Da Vinci 

Surgical Robot, holds immense promise for revolutionizing 

traditional medical practices. In the near future, AI-driven 

automated surgery is expected to reduce patient trauma, 

enhance surgical safety, and shorten hospital stays. By 

combining AI with surgical robots, procedures like 

percutaneous coronary intervention (PCI) and catheter 

ablations of atrial fibrillation can be performed with greater 

efficiency and accuracy, minimizing radiation exposure for 

clinicians and improving patient outcomes. Furthermore, 

AI's ability to utilize reinforcement learning will enable it to 

surpass human capabilities in repetitive tasks, allowing for 

faster and more precise operations than ever before. 

Overall, the combined use of AI and surgical robots is 

poised to transform cardiovascular medicine. 

Looking ahead, AI represents the next frontier in 

cardiovascular medicine, offering unprecedented 

opportunities for advancement. While the integration of AI 

requires specialized skills, advanced technologies, and 

significant investment, large technology corporations like 

Apple, Google, and Microsoft are poised to lead the way in 

AI-driven cardiovascular projects. Initiatives such as the 

"Apple Heart Study" and advancements in sensor 

technology, such as the ECG-measuring transducer in the 

latest Apple Watch, demonstrate the potential for AI to 

enhance cardiovascular care. Moreover, collaborations 

between tech giants and healthcare institutions, like 

Microsoft's partnership with Apollo Hospital in India, are 

paving the way for predictive analytics and risk assessment 

tools for cardiovascular diseases. Regulatory clearances, 

such as the FDA approval of Cardio DL software for 

cardiac MRI analysis, highlight the growing acceptance of 

AI in medical imaging and diagnostics. Additionally, 

initiatives like Siemens' AI calculation programs, based on 

extensive databases and predictive modeling, underscore 

the potential for AI to revolutionize prognostic assessments 

and treatment planning in cardiovascular medicine. As AI 

continues to advance, facilitated by cloud computing and 

innovative technologies like 3D printing, the clinical 

application of AI in cardiovascular medicine is poised for a 

transformative "Cambrian explosion," signaling the dawn 

of a new era in healthcare. 

 

Surgical robots 

The advent of surgical robots has ushered in a new era in 

cardiovascular medicine, enabling clinicians to perform 

complex procedures with greater precision and safety. As 

AI technology continues to evolve, the integration of AI 

with minimally invasive surgery, such as the Da Vinci 

Surgical Robot, holds immense promise for revolutionizing 

traditional medical practices. In the near future, AI-driven 

automated surgery is expected to reduce patient trauma, 

enhance surgical safety, and shorten hospital stays. By 

combining AI with surgical robots, procedures like 

percutaneous coronary intervention (PCI) and catheter 

ablations of atrial fibrillation can be performed with greater 

efficiency and accuracy, minimizing radiation exposure for 

clinicians and improving patient outcomes. Furthermore, 

AI's ability to utilize reinforcement learning will enable it to 

surpass human capabilities in repetitive tasks, allowing for 

faster and more precise operations than ever before. 

Overall, the combined use of AI and surgical robots is 

poised to transform cardiovascular medicine. 

 

Looking ahead, AI represents the next frontier in 

cardiovascular medicine, offering unprecedented 

opportunities for advancement. While the integration of AI 

requires specialized skills, advanced technologies, and 

significant investment, large technology corporations like 

Apple, Google, and Microsoft are poised to lead the way in 

AI-driven cardiovascular projects. Initiatives such as the 

"Apple Heart Study" and advancements in sensor 

technology, such as the ECG-measuring transducer in the 

latest Apple Watch, demonstrate the potential for AI to 

enhance cardiovascular care. Moreover, collaborations 

between tech giants and healthcare institutions, like 

Microsoft's partnership with Apollo Hospital in India, are 

paving the way for predictive analytics and risk assessment 

tools for cardiovascular diseases. Regulatory clearances, 

such as the FDA approval of Cardio DL software for 

cardiac MRI analysis, highlight the growing acceptance of 
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AI in medical imaging and diagnostics. Additionally, 

initiatives like Siemens' AI calculation programs, based on 

extensive databases and predictive modeling, underscore 

the potential for AI to revolutionize prognostic assessments 

and treatment planning in cardiovascular medicine. As AI 

continues to advance, facilitated by cloud computing and 

innovative technologies like 3D printing, the clinical 

application of AI in cardiovascular medicine is poised for a 

transformative "Cambrian explosion," signaling the dawn 

of a new era in healthcare. 

 

4. AI into Cardiovascular Medicine 

The integration of AI into cardiovascular medicine 

represents a significant advancement that requires 

professional expertise, advanced technologies, and 

substantial investment. Large technology corporations like 

Apple, Google, and Microsoft are at the forefront of AI 

projects aimed at improving the productivity of clinical 

staff. Initiatives such as the "Apple Heart Study" and the 

development of sensor technology, as seen in the latest 

Apple Watch series 4, demonstrate the potential for AI to 

enhance cardiovascular care. Additionally, collaborations 

between tech giants and healthcare institutions, such as 

Microsoft's partnership with Apollo Hospital in India, are 

driving innovations in predictive analytics for 

cardiovascular diseases. Regulatory clearances, like the 

FDA approval of Cardio DL software for cardiac MRI 

analysis, underscore the growing acceptance of AI in 

medical imaging and diagnostics. Moreover, initiatives by 

Siemens and research teams, such as those at the University 

Hospital of Heidelberg, highlight the potential for AI to 

revolutionize prognostic assessments and treatment 

planning in cardiovascular medicine. As AI continues to 

advance, facilitated by cloud computing and technologies 

like 3D printing, the clinical application of AI in 

cardiovascular medicine is poised for a transformative 

"Cambrian explosion," signaling the dawn of a new era in 

healthcare. 

However, despite the promising advancements, there are 

current shortcomings and technical challenges in the 

clinical application of AI in cardiovascular medicine. 

Concerns about the rapid development of AI and the need 

for guidelines to protect human rights have been raised by 

some researchers. Technical challenges include the need for 

massive datasets for training AI models, potential biases in 

data leading to model failures, and the difficulty of AI in 

making accurate differential diagnoses. The complexity of 

computational processes, limitations in measuring 

antidiastole, and challenges integrating AI into traditional 

clinical workflows further complicate the application of AI 

in medicine. These challenges highlight the need for a 

cautious and thorough approach to the implementation and 

acceptance of AI in clinical practice. To address these 

challenges, a novel medical model called "the primary use 

of AI" (PUAI) has been proposed. This model prioritizes 

solving the main problems faced by doctors in clinical 

practice, such as accurate diagnosis and effective treatment 

for patients. AI is applied in specific environments, such as 

emergency rooms and chest pain centers, based on mature 

clinical information and machine learning. However, it is 

essential to recognize that doctors remain the mainstay in 

patient care, with AI serving as a tool to enhance their 

effectiveness. A novel medical model has been designed to 

optimize the diagnosis and treatment system, aiming to 

reduce the rate of misdiagnosis by integrating AI with 

clinician judgment. In this model, clinicians pass diagnosis 

plans through AI, which executes correct instructions and 

seeks assistance from senior clinicians when necessary. 

This innovative approach aims to mitigate medical errors 

caused by clinician judgment while leveraging the 

capabilities of AI to improve patient care. 

 

 
 

Figure 1: Traditional mode and novel model 
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Figure 2: Clinical warning system 

 

Novel medical mode plus PUAI 

Incorporating the concept of "the primary use of AI" 

(PUAI) into a novel medical model offers a promising 

approach to streamline AI integration into clinical practice. 

Currently, the application of AI in clinical diagnosis, 

particularly for cardiovascular diseases (CVD), presents 

challenges due to the complexity of differential diagnoses 

and the need for sophisticated algorithms. However, by 

adopting PUAI principles, the focus shifts to designing 

small and simple AI models tailored for critical diseases 

like acute coronary syndrome (ACS) and aortic dissection. 

These simpler algorithms alleviate the need for complex 

models and extensive training data sets, thus overcoming 

resistance between different diseases within the CVD 

spectrum. For instance, a clinical warning system can be 

established within the existing medical infrastructure. As 

depicted in Figure 2, patient information is entered into the 

database upon hospital admission, alongside the clinician's 

diagnosis. The AI then compares the clinician's diagnosis 

(Standard A) with predefined diagnostic criteria for the 

disease (Standard B) stored in the database. If the 

comparison aligns, indicating a match between the 

diagnosis and standard criteria, no alert is triggered. 

However, in cases of discrepancies, where the AI detects 

inconsistencies between the diagnosis and established 

standards, it generates an alert prompting the clinician to 

reevaluate their diagnosis carefully. This streamlined 

approach not only simplifies AI implementation but also 

enhances diagnostic accuracy and reduces the risk of 

misdiagnosis. By focusing on critical diseases and 

leveraging AI as a supportive tool, clinicians can benefit 

from improved decision-making processes without being 

overwhelmed by complex algorithms or extensive training 

requirements. Moreover, this model facilitates seamless 

integration into existing clinical workflows, enhancing 

efficiency and patient care outcomes. As healthcare 

continues to evolve, innovative approaches like PUAI offer 

a pathway to harness the full potential of AI while 

addressing practical challenges in clinical practice. 

 

4. Conclusion  

The implementation of a new clinical warning system, 

particularly suited for intensive care units (ICUs) like the 

coronary care unit and chest pain centers (CPCs), represents 

a significant advancement in patient safety, especially 

during night shifts. Research indicates a decline in decision-

making ability among ICU doctors during night shifts, 

highlighting the need for systems to mitigate misdiagnosis 

risks. This warning system offers a practical solution by 

leveraging AI to identify discrepancies between clinician 

diagnoses and established standards, thereby reducing the 

likelihood of errors. Moreover, the ease of application of 

this warning system makes it highly accessible, particularly 

in regions where timely intervention is crucial, such as in 

CPCs. Our team's innovative regional cooperative rescue 

model has already demonstrated success in optimizing 

diagnosis and treatment processes, particularly for patients 

with ST-segment elevation myocardial infarction. By 

reducing the time from symptom onset to reperfusion, this 

model has the potential to significantly decrease 

cardiovascular mortality rates, particularly in developing 

countries like China. Looking ahead, the integration of AI 

into existing healthcare systems holds immense promise for 

improving patient outcomes in cardiovascular medicine. AI, 

particularly machine learning, presents a valuable tool for 

managing and treating cardiovascular diseases effectively. 

It is essential for clinicians to embrace AI as an assistant 

rather than a replacement, understanding its potential to 

augment diagnostic and treatment processes. Continued 

clinical skill development and research remain crucial, 

ensuring clinicians are equipped to leverage AI effectively 

while maintaining a patient-centered approach. In 

conclusion, while cardiovascular diseases continue to pose 

significant challenges globally, the integration of AI offers 

a promising avenue for addressing these issues. As 

clinicians and researchers collaborate to refine and 

implement AI-driven solutions, the potential to enhance 

patient care and outcomes in cardiovascular medicine is 

within reach. With a balanced approach that values human 
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expertise alongside technological innovation, we can 

navigate towards a future where AI serves as a powerful 

ally in the fight against cardiovascular diseases. 
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