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Abstract

Artificial Intelligence (AI), Machine Learning (ML), and blockchain technology are set to transform healthcare in the United States. This thesis paper discovers by what means these advanced technologies can dramatically improve patient care. AI and ML can analyze huge amounts of medical data, giving doctors correct diagnoses and custom-made treatment plans faster than ever. Imagine a system where diseases are detected early through AI-powered tools, leading to better treatment outcomes. Blockchain technology complements another layer of innovation by strongly storing patient records, ensuring data privacy, and stopping unauthorized access. This technology can make medical records quickly and safely accessible to authorized personnel, improving clarity and trust in the healthcare-system. This paper highlights the exciting possibilities and difficulties of combining AI, ML, and blockchain in healthcare by looking at current research and real-life applications. The result is a vision of a future where healthcare is more competent, secure, and tailored to individual needs, making it more intelligent and reliable for everyone.
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Introduction
Artificial Intelligence (AI) replicates human intelligence in computers, allowing them to do problem-solving, decision-making, and language understanding that usually take human cognition. Machine Learning (ML) is a branch of AI that concentrates on creating algorithms that let computers learn from and make choices or predictions based on data without being directly programmed for each work. In healthcare, machine learning algorithms are often used to make predictions about diagnoses, using supervised learning algorithms like decision trees and support vector machines, unsupervised learning algorithms like grouping patients into groups, and reinforcement learning to find the best ways to take care of them. Blockchain is an autonomous digital ledger technology that safely records events on many computers. The records cannot be altered after the fact, guaranteeing everything is clear and transparent. The addition of Artificial Intelligence (AI), Machine Learning (ML), and blockchain technology is set to transform the healthcare industry in the United States. At the preliminary point of the technological revolution, the future of healthcare gives the impression of being more promising and proficient than ever. Artificial intelligence (AI) and machine learning (ML) can improve diagnostic accuracy, optimize treatment strategies, and individualize patient care with their remarkable ability to evaluate large volumes of data and generate predictive insights. Efficiently managing healthcare records and transactions, blockchain technology provides enhanced security and transparency. It effectively tackles enduring problems related to data breaches and interoperability.

Think about a healthcare system in which AI-power-driven diagnostics can locate diseases at their initial stages with unquestionable precision, where personalized treatment strategies are created based on an individual's genetic structure and lifestyle, and where patients have complete authority over their medical records, guaranteeing privacy and protection. This is not a far-off dream but an approaching practicality sped up by the swift progressions in artificial intelligence (AI), machine learning (ML), and blockchain technology.

The healthcare sector encounters various issues in the United States, including rising costs, inefficiencies in managing patient data, and the demand for more tailored and accurate medical procedures. Artificial Intelligence (AI) and Machine Learning (ML) are already significantly improving tackling these problems by facilitating predictive analysis for disease outbreaks, automating repetitive administrative processes, and improving clinical decision-making. For example, artificial intelligence systems can detect abnormalities by analyzing several medical images that would be missed by human observation. This might contribute to the early detection and treatment of medical conditions.

Blockchain technology enriches these developments by submitting a secure, unchangeable patient data record. It promises that medical records are unaffected by altering and readily available to authorized individuals. This promotes the confidence and dependability of healthcare systems, refining a more cooperative and open atmosphere among healthcare professionals, patients, and insurers.

As the thesis further investigates, it will examine the future outcomes and possibilities these technologies offer for the healthcare industry in the USA. This thesis paper will analyze the present use cases, upcoming patterns, and the ground-breaking influence these advancements could have on enhancing patient results, reducing expenses, and nurturing a more streamlined and safeguarded healthcare system. In short, the objective is to analyze the future opportunities and implications of AI, ML, and blockchain in healthcare in the USA.
The paper is structured as follows: The initial section summarizes artificial intelligence (AI), machine learning (ML), and blockchain technology. The following sections explore and analyze existing studies and publications on these topics. Subsequently, the third section explains the research methodology. The fourth section provides a thematic analysis and discussion of each theme with a few short case studies. The fifth section discusses the findings in detail. The thesis finishes by discussing the limitations and conclusion.
Literature Review

(Ahmed I. Taloba, 2023) By studying this article within the framework of the thesis subject, valuable knowledge can be gained on the application of blockchain technology, artificial intelligence (AI), and machine learning (ML) in healthcare systems, specifically in the United States. The article discusses integrating blockchain technology with AI and ML in healthcare, stressing the benefits and challenges. The research methodology involves theoretical analysis, system design, and experimental evaluation. The proposed blockchain-based platform was tested with simulated and experimental data, demonstrating success in detecting illegal behavior with an 86% success rate. The limitations of this study are that it explores assessments constructed on criminal activities or communication services handled by malevolent IoT particles, which may not portray all probable security threats. Second, the experimental test focused on specific illegal activities and did not include all possible security weaknesses in the healthcare system.
(Mr.K.Sathyaseelan, 2023), The article examines the integration of blockchain technology, AI, and IoT in healthcare surveillance, underlining their potential to boost security and reliability. It underscores the significance of decentralized data storage and security measures, comparing various blockchain types and their benefits for healthcare. The research methodology in "Blockchain-Enabled Intelligent Surveillance System Model with AI and IoT" aims to merge blockchain technology, AI, and digital protection for the Internet of Medical Things (IoMT) in healthcare. The focus is improving security, efficiency, and data management in healthcare surveillance through decentralized data storage. The study compares blockchains, emphasizing security improvements via digital signatures, encryption, and decentralized agreement mechanisms. It includes tracking data and metadata to confirm transparency and data integrity in healthcare surveillance. The research aims to understand how these technologies can enhance decision-making and security in healthcare. It also evaluates the performance of the proposed blockchain-enabled surveillance model, demonstrating its effectiveness in securing data within IoMT medical services.
(Massaro, 2023) The article talks about the potential of blockchain technology in transforming healthcare by minimizing information disproportionateness and transaction costs. It emphasizes mixing blockchain with AI and ML for predictive systems to contain pandemic risks and highlights the need for further research in this area. The research methodology encompasses collecting data from scientific papers and patents and using content analysis to get meaningful information. The article revealed various applications and case studies regarding using blockchain in healthcare. It also explores the difficulties and opportunities related to integrating blockchain into existing healthcare systems and proposes recommendations for leveraging blockchain effectively for transformative changes in the healthcare industry.
(Ava Hajian, 2023) The article debates the perspective of blockchain technology's advantages and risks in the healthcare sector, particularly its potential to facilitate sharing electronic health records. It also draws attention to the role of AI and ML in healthcare and gives weight to patient empowerment and privacy in managing healthcare data. The correlation between blockchain-based information-sharing systems and patients' activity in electronic health records was examined by the researchers. Data from 180 participants recruited through Amazon Mechanical Turk to conduct empirical research on blockchain-based information-sharing systems in electronic health records were utilized in the study. A vignette-based experiment, survey responses to analyze the data, and confirmatory factor analysis to validate the measurement model and address potential biases. The study found that blockchain technology gives patients independence over their health records, supports them in disclosing information to healthcare providers, decreases healthcare expenses, improves privacy, and increases the treatment of diseases.
(Wenhua, 2023) The study discourses the advantages and threats of blockchain technology in healthcare, emphasizing its probability of protecting data transmission in IoT-enabled systems. It researches by what means blockchain can alter data management, interoperability, also security in the US healthcare industry. From a performance and security perspective, the study also reviews the challenges and trends in blockchain technologies, providing insights into how AI, ML, and blockchain can tackle current healthcare challenges and have an effect on the future of healthcare in the USA. Assuming an assessment of the potential benefits of blockchain technology in healthcare, it becomes obvious that it can significantly improve data management, patient records, and healthcare systems. However, security risks are linked with implementing blockchain technology to certify its safe and practical integration. The potential benefits of blockchain technology in healthcare are also examined by the study. It illuminates its significant security benefits in healthcare contexts, including strong data safeguarding, privacy conservation, and secure information sharing of medical documents. Research gaps include the investigation of the regulatory constraints and compliance requirements for data protection rules such as GDPR and HIPAA, in addition to the lack of exploration of the scalability, interoperability, user experience, ethical and legal consequences, economic implications, integration issues, and security of blockchain technology in healthcare.
(Harleen Kaur, 2023) The researchers recommend a framework for integrating blockchain technology and DNA cryptography into the healthcare industry. This framework utilizes cloud computing, Wireless Body Area Networks (WBAN), as well as the Internet of Things (IoT) for monitoring real-time health data. The collected data is transmitted to the cloud via a distributed blockchain network for secure storage and analysis. AI and ML algorithms are integrated into the framework to analyze the data and get valuable insights for enhanced healthcare decision-making and patient monitoring. The paper proposes a layered architecture for healthcare monitoring, using blockchain technology for safe data transactions and shifting to patient-centric healthcare models. Integrating intelligent systems and cloud computing can improve patient care and healthcare data management. The system's practical implications are intended for end-users, including healthcare providers, patients, and health insurance providers. Healthcare providers can virtually monitor patient conditions, insurance providers can trace patient histories to prevent fraudulent claims, and patients can remain informed and healthy.  Concerns about the privacy and security of healthcare data are addressed through DNA cryptography to enhance data security in blockchain systems. However, the research needs more detailed information on sensor equipment, and further research is required to assess the security vulnerabilities and potential constraints of the proposed framework. Experimental outcomes, cost-effectiveness, scalability, user acceptance, and usability should also be addressed.
(Pranto Kumar Ghosh, 2023) Offers a comprehensive examination of the integration of blockchain technology into healthcare institutions. It explores the advantages of using blockchain for secure data transmission, maintaining accurate records, and managing patient information. Additionally, it discusses integrating blockchain with technologies like AI and machine learning in healthcare ecosystems to improve patient care and diagnostics. The article exercised a systematic technique to evaluate research publications on blockchain healthcare, including a literature search and quality assessment. It draws attention to the potential benefits and detailed applications of blockchain technology in healthcare and the obstacles and boundaries associated with its utilization. The review study mainly utilized data from research articles, papers, and studies on implementing blockchain technology in healthcare institutions. It highlighted the capacity of blockchain technology to progress healthcare data security, privacy, and effectiveness. The study reveals gaps in the literature about blockchain healthcare systems, underscoring the need for complete data collection and representation of previous blockchain-based healthcare system activity. There is still a need for improved research on blockchain technology's applications, restrictions, and opportunities in healthcare systems. An in-depth study of prior studies, projects, and applications in the field is necessary. Research themes and trends on blockchain applications in healthcare need investigation, and a complete literature review is crucial to address the insufficiency of research on blockchain technology in healthcare. 
(Ibrar Yaqoob, 2022) The paper explores the effect of blockchain technology on healthcare data management, including its advantages, applications, and future recommendations. It covers a literature review, data collection, blockchain analysis, and case studies to illustrate blockchain technology’s potential benefits in healthcare. The study incorporates data from various sources, including academic research papers, industry reports, and real-world examples of blockchain implementation in healthcare settings. The paper's findings examine the primary challenges presently confronting healthcare data management systems. These challenges involve data management, auditability, traceability, privacy, security, and transparency and traceability. Innovative approaches are required in order to improve the security and efficiency of healthcare data administration. Blockchain opportunities come in second. It emphasizes the possibility of blockchain technology amending healthcare data access, medical record-keeping, clinical trials, pharmaceuticals, and credential traceability and preventing the distribution of counterfeit medicines. Blockchain is a state-of-the-art technology that will likely enhance the handling of centralized healthcare data. The paper closes with numerous research barriers to implementing blockchain technology in healthcare data management systems. These obstacles include scalability, interoperability, interface with existing systems, and blockchain talent. Several obstacles must be overcome to understand blockchain's full potential in healthcare.

(Khatoon, 2020) The paper reported the functions of blockchain in improving healthcare management, focusing on data privacy, security, and efficient data exchange. It observes smart contract usage for operational and productivity improvements and the benefits of distributed ledger technology. The study evaluates blockchain's economic impact on healthcare and uses Ethereum-based medical workflows to accelerate operations, pointing to lower costs and improved services for healthcare stakeholders. It defines a smart contract-driven architecture for healthcare management on Ethereum, embracing the enhancement of medical systems, smart contract creation for record-keeping, data authorization mechanisms, secure stakeholder interactions, cost evaluation, smart contract testing and deployment, data integrity and security maintenance, and user interface integration. The technique is a decentralized application (DApp) on Ethereum, managing healthcare data and operations, exploiting the Ethereum Virtual Machine (EVM) and Solidity for smart contract development. Smart contracts automate processes, impose regulations, and ease interactions. The technique includes a private blockchain for data security and a distributed file system for record management. Smart contracts guaranteed policy compliance and were tried on Ethereum test networks like Kovan before central net deployment. Web interfaces and applications were created to communicate with the smart contract system and stakeholders. A blockchain-based smart contract system for healthcare management was designed by the study using various data types, including patient records, medical histories, treatment plans, and diagnostic reports. It measured the system's cost and feasibility using blockchain transaction data related to execution and user activities. Blockchain technology and smart contracts could transform healthcare administration by concentrating on data fragmentation, inconsistent record-keeping, and inefficiencies. An Ethereum-based smart contract system could augment data management, facilitate stakeholder data exchange, and speed up medical procedures while delivering secure patient data exchange and incentivizing medical researcher participation. Ethereum's cost analysis validates affordability for smart contract deployment in healthcare. The discoveries of this study underscored the potential of blockchain in altering healthcare administration by heightening data security, transparency, and efficiency. However, they emphasized the need for further examination into scalability, performance, interoperability, cost-benefit analysis, user-centric design, usability testing, stakeholder participation, and testing in healthcare settings.
(Attaran, 2020) The article examines blockchain technology’s aptitude in healthcare. Blockchain can enhance the management of data, access control, and truthfulness in healthcare. The study analyzed forty healthcare papers from 2016 to 2020 to weigh the merits and negatives of blockchain-based technologies. The author relied mainly on data from systematic literature research to investigate the results and learn the blockchain technology’s advantages and disadvantages within the healthcare sector. The article also discusses the blockchain technology’s potential in healthcare, highlighting benefits such as decentralized management, enhanced security, and immutable audit trails. It emphasizes the technology's ability to authorize patients to manage their healthcare data and its potential to improve healthcare access control, interoperability, source, and data integrity while reducing operational costs. Blockchain technology can also simplify the smart contracts’ implementation for efficient billing processes and fraud prevention in the healthcare industry. Additionally, it has the potential to ensure the honesty and privacy of socioeconomic data, streamline drug traceability, and revolutionize organ transplant processes. Despite its potential, blockchain implementation in healthcare needs improvement due to its uniqueness and limited successful models. Nonetheless, emerging blockchain-based healthcare solutions address critical challenges and offer a cost-effective way to integrate and manage healthcare information systems. Blockchain integration in healthcare faces technical and administrative difficulties, including high initial costs, scalability limitations, and interoperability issues. Organizational barriers involve cultural and trust concerns, resistance to change, and training staff on new technologies. Doubtful social acceptance, lack of successful projects, and uncertainty about technology adoption hinder drivers for adoption. Concerns regarding regulatory requirements and privacy are critical to maintaining patient trust and legal compliance. More research is needed on the practical execution of blockchain in healthcare, real-world evaluation, and practical implications in healthcare settings.
(Alowais, 2023) The study discusses AI in clinical practice, including patient interaction, disease diagnosis, and therapy prescription, and emphasizes ethics, law, and human competence. It highlights AI's potential to improve patient engagement, disease identification, treatment suggestions, and care in the healthcare system. Blockchain, AI, and ML to improve data security of healthcare, interoperability, and transparency were introduced by the study as well. The authors systematically analyzed AI usage in healthcare, emphasizing its strengths, weaknesses, challenges, and future. The research findings highlight the significant role of AI in healthcare, particularly in diagnostics and genomic medicine, as AI technologies enhance disease diagnosis accuracy and efficiency, aid in early disease detection, optimize medication dosages, and improve patient safety. AI is transforming healthcare by offering personalized patient care through virtual health assistants. These assistants can simulate human conversation, identify health issues, provide medical advice, schedule appointments, offer medication reminders, and monitor vital signs. Using AI improves mental health care by delivering personalized and accessible care and monitoring patient progress and treatment effectiveness. Additionally, AI enhances patient education through personalized, interactive information and chatbots that help patients understand medical diagnoses and treatment options. Nevertheless, there are obstacles interrelated to data privacy, ethical concerns, and the requirement for transparency in AI algorithm design. More research is needed to address these challenges and to investigate deeper into specific AI applications and ethical considerations in healthcare. Longitudinal studies are also required to assess the long-term effects of AI implementation in clinical practice.
(Ramudu, 2023) The article discusses machine learning and artificial intelligence (AI) integration in disease prediction in healthcare. It explores the literature review on using various ML and AI methodologies to analyze medical data and highlights their potential to improve medical diagnosis and treatment. The challenges and future research opportunities in the field are also addressed, along with the research methodology employed in the article. Additionally, the article points out the key findings, including the application of AI in medical imaging, drug discovery, and personalized medicine, as well as case studies demonstrating machine learning algorithms’ usage success in healthcare scenarios for disease prediction. Examples of AI and ML applications in healthcare include Infectious disease outbreaks, such as COVID-19, and drug response predictions. However, biased data, interpretability, regulatory issues, and limited resources must be addressed for AI's full potential in disease prediction. Common research gaps in the field include limited diversity in datasets, ethical and regulatory considerations, interpretability of AI models, validation procedures, long-term impact, collaboration between AI researchers and healthcare professionals, and real-world implementation of AI-based tools in clinical practice.
(Kamlesh Kumar, 2023) The paper delves into how AI and ML can improve medicinal infrastructure and healthcare services. It studies their ability to transform healthcare, improve patient results, and optimize resource management. The paper employs various data sources, including literature data, case study data, quantitative analysis data, and research databases. The authors highlight that AI and ML transform healthcare delivery and prosper patient results in numerous domains, for instance, clinical-decision-support-systems, predictive analytics, tailored medicine, image analysis, and natural language processing. They also bring to light the AI and ML’s impact on healthcare infrastructure, operational efficiency, cost reduction, and patient care. AI-assisted robotic procedures have led to more precise, less invasive surgeries and faster recovery. Dal and AiCure are AI-driven techniques that have reduced cost reductions and improved patient care in treatment plans. Additionally, AI and ML involvements have shown noteworthy reductions in hospital stays and mortality rates and can revolutionize healthcare delivery. However, research gaps include data quality, scalability, and realizing AI and ML's potential in healthcare fully interdisciplinary collaboration is needed.
(Stephanie Baker, 2023) The study discusses the relationship between Artificial Intelligence (AI) and the Internet of Things (IoT) in healthcare, emphasizing how collaboration can revolutionize healthcare services. It also explores future advancements, challenges in implementing AIoT in healthcare, and real-world use cases demonstrating its potential impact. Additionally, it highlights the study's methodology, key verdicts, and inputs to the field. The research proposes an AIoMT architecture integrating cloud computing, AI, and communication to improve healthcare applications. It consists of device computing, edge computing, cloud computing, communication infrastructure, and AI algorithms, enhancing diagnosis, treatment, monitoring, and prognosis. AIoMT provides early warnings, personalized treatment, and better diagnoses using real-time data and predictive analytics, facilitating personalized healthcare, accelerating disease discovery, and managing conditions like dementia, stroke, breast cancer, and COVID-19. The study reviews current AIoMT literature, suggesting future research in advanced AI technologies, explainable AI, embedded AI, swarm learning, and healthcare applications. It identifies research gaps in explainability, advanced machine learning, embedded and edge AI, data fusion, validation of explainability tools, and cross-layer AI approaches. Addressing these gaps can innovate, improve intelligent healthcare systems, and enhance patient care in AI-driven healthcare. Explainability tools are crucial for clinician trust and understanding, necessitating further validation in clinical settings. Embedded and edge AI can optimize resources, reduce latency, and enhance privacy. Data fusion is essential for accurate diagnosis and treatment, requiring research to improve diagnostic accuracy and decision-making. Validating explainability tools can optimize AI in healthcare, considering financial aspects. Cross-layer AI approaches can enhance system robustness, reduce latency, and improve privacy, presenting significant research opportunities in AIoMT systems. Addressing these gaps can drive innovation, improve system performance, and enhance patient care in AI-driven healthcare. 
(Alanazi, 2022) The journal provides an overview of ML in healthcare, discussing its benefits and challenges. It emphasizes the need to improve the association between data scientists and healthcare professionals. Machine learning algorithms promise to predict various health outcomes and enhance patient care. Challenges in executing machine learning models in healthcare include data quality, interpretability of predictions, and legal considerations. Despite the obstacles, clinical-decision-support-systems and improved patient care results can be boosted by machine learning algorithms. The article delves into machine learning's applications, challenges, and opportunities in healthcare. It emphasizes the need for a comparative analysis between conventional statistical and machine learning approaches and the importance of interdisciplinary collaboration. The researcher highlights cultivating healthcare professionals on ML terminologies and concepts, including public health practitioners, epidemiologists, clinicians, pathologists, and radiologists. Encompassing ML-related concepts in the medical curriculum is recommended to prepare the next generation of healthcare providers.  Ethical considerations, obstacles to deploying ML models, and the impact of machine learning on healthcare disparities are also discussed. Further research is needed to provide detailed ethical frameworks tailored to machine learning’s application in healthcare.
(Bertalan Meskó, 2023) The article discusses the challenges of regulating large language models (LLMs), such as GPT-4 and Bard, in healthcare settings and how these LLMs can leverage the healthcare sector. It emphasizes the critical importance of regulatory oversight for LLMs in healthcare to certify patient safety, data security, and AI technologies’ ethical use. The article also delivers practical suggestions for regulators to certify the safety of LLMs and their effective use in healthcare. The article highpoints the medical companies and healthcare organizations integrating LLMs into their core business. It summarizes essential regulatory challenges accompanying the rise of LLMs in healthcare, including patient data privacy, intellectual property concerns, and medical malpractice liability. The requirement of regulatory oversight for large language models (LLMs) in healthcare is the subject of discussion in this article. The nonexistence of empirical data analysis and case studies to support the arguments presented is a significant gap in the research. A detailed impact valuation of these technologies on patient outcomes, healthcare efficiency, and overall quality of care is needed. Stakeholder perspectives could be examined to understand their experiences and concerns regarding using LLMs in healthcare. Comparative analysis could be conducted to identify similarities and differences in regulatory approaches across various sectors. A more complete exploration of the long-term implications of integrating LLMs into healthcare systems, including potential societal, ethical, and economic impacts, is also mandatory. 

(King, 2023) The interesting article presents an overview of how AI is revolutionizing healthcare by assisting doctors, and it introduces ChatGPT, a natural language processing system established by OpenAI. The research methodology is comprised of generating text based on preset prompts and questions rather than old-style data collection, analysis, and interpretation.  The content produced the capabilities of AI-driven chatbots in delivering well-written and informative content, flaunting the potential of AI-driven systems to supply scientific discussion and generate content on complex topics like the future of AI in medicine. The article's findings stress the significance of artificial intelligence’s power in medicine. It debates the potential benefits. It accentuates how complex algorithms and machine learning techniques can aid healthcare professionals in making precise diagnoses, recognizing health risks, and developing personalized patient treatment plans. The article specified that ChatGPT is a cutting-edge natural language processing system that produces human-like responses to various inquiries and prompts. This advanced AI-driven technology is determined to contribute significantly to the healthcare sector by offering valuable insights and perspectives on complex subjects such as AI in medicine. Moreover, the article is unique as it is authored by an AI-enabled chatbot, which delivers an exceptional perspective on the future of AI in healthcare. The author also considered the need for more practical evidence, an in-depth analysis of ethical considerations, and a more detailed exploration of AI's impact on various medical fields. 
(Aizhan Tursunbayeva, 2023) The article analyzes the effect of artificial intelligence (AI) on job design in healthcare, centering on how AI technologies are changing the industry to reduce costs and improve efficiency. The authors employed a scoping literature review methodology to analyze various sources, including grey literature publications from SingularityHub. The study realized that AI applications in healthcare impact multiple sections of healthcare professionals' job design, including independence, skill variation, and job demands. Mixing AI in healthcare can influence job design for healthcare professionals in several ways. This includes independence and control, skill variability and use, job response, social and relational aspects, and job demands. As AI technologies are implemented, healthcare professionals may need to adjust to changes in their roles and responsibilities. Organizations can help healthcare experts by providing training on AI technologies and resources for handling and promoting self-care approaches to help maintain their well-being, performance, and job satisfaction in the growing healthcare landscape. The article stressed some research gaps in healthcare job design, including the long-term effects of AI, ethical and legal implications, user experience, work-life balance, and training needs. It underlines the importance of longitudinal studies to understand AI's sustained impact, ethical considerations, and user acceptance of AI-driven job design changes. More research is needed to fully explore these aspects and their implications for healthcare professionals.
(Sebastian J Fritsch, 2022) The study explores patient and companion perceptions of AI in healthcare, addressing challenges and potential benefits. It focuses on patient-centric approaches and aligns with the future of healthcare technology. The cross-sectional study at RWTH Aachen University Faculty of Medicine involved 452 participants from a German hospital. The data was analyzed to identify patterns and associations, and the study received ethical approval. The questionnaire gathered feedback on technical affinity, perceptions of AI in healthcare, and sociodemographic characteristics. The survey on patient attitudes toward AI in healthcare revealed that while over 90% of participants were conscious of AI, only 24% had excellent knowledge. Most respondents had a favorable view of AI in medicine and emphasized the significance of human oversight in AI applications. The study also identified certain demographic factors that shaped perceptions of AI in healthcare. However, the study had limitations, such as not addressing the influence of the COVID-19 pandemic on patient attitudes. Future research could explore this and other gaps, such as longitudinal studies to track the evolving acceptance of AI in healthcare and qualitative analysis to uncover underlying motivations driving patient attitudes. Comparative studies across different countries and healthcare systems could provide an understanding of cultural and institutional factors prompting patient attitudes toward AI in healthcare. Finally, the study highlighted the consequence of meaningful patient engagement in developing AI solutions but did not extensively address ethical and legal considerations related to AI use in healthcare. Further research could bridge these gaps and enhance patient acceptance and trust in AI applications.
(DEEPTI SARASWAT, 2022) The article discusses Healthcare 5.0, which integrates AI, IoT, and Explainable AI (EXAI) for real-time patient monitoring. It underscores the prominence of transparent AI models in healthcare, particularly in the United States. The article suggests combining Blockchain technology with EXAI for data security in healthcare. It identifies research gaps and proposes a survey on EXAI in Healthcare 5.0. The authors used a systematic research methodology and explored relevant literature from various databases. They introduced a case study called ExoCOVID, demonstrating the effectiveness of Federated Transfer Learning and EXAI for ECG monitoring. The article presents key findings and results on Explainable AI (EXAI) in healthcare. It examines its advantages and applications, particularly in ECG monitoring and CT image classification. The research accentuates the requirement for more attention to data analysis and model interpretation and advises a solution arrangement for EXAI-based medical-assisted strategies. The importance of developing a comprehensive solution taxonomy for EXAI in heath services applications was highlighted in this study. It talks about scalability and sustainability challenges accompanying EXAI solutions on a larger scale.
(Angela Zhang, 2022) The article researches into the progressions and challenges of machine learning (ML) in health services, accentuating its effect on patient care and healthcare processes. It reviews the strategies and regulatory considerations for installing ML models and the prominence of data in driving performance. It also hints at using blockchain technology to aid regulatory compliance in healthcare applications. Additionally, the review article integrates existing literature and industry developments in ML applications in healthcare, highlighting the systematic approach used to gather information on advancements, challenges, and trends in this field. The article debates the challenges in arranging machine learning (ML) in healthcare settings, including maintaining model robustness within data shifts. It underscores the need for plans to address data shifts, frameworks for regulatory approval of advanced ML models, evaluation metrics for synthetic data, and research on the impact of temporal shifts on model performance. Additionally, it highpoints the seriousness of diverse and multi-institutional datasets and the potential of federated learning in healthcare while noting the need for further research to adjust its scalability and efficiency. Research gaps include addressing data shifts, developing regulatory frameworks, evaluating synthetic data generated by GANs, understanding the impact of temporal shifts, addressing biases related to patient demographics, and optimizing federated learning approaches in healthcare settings.
(Abdulatif Alabdulatif, 2022) The article looks into integrating AI, ML, and blockchain technology in state-of-the-art health service systems. It discusses how these technologies enhance healthcare operations' security, data integrity, and transparency. It identifies security difficulties in modern health service systems, such as data integrity attacks and privacy issues. The article offers insights into lessening these challenges by proposing a secure architecture based on AI and blockchain. It thoroughly analyzes the application of AI and blockchain in healthcare scenarios, highlighting open issues and research challenges for future exploration. The study employs a systematic research methodology to study security issues in innovative healthcare systems. The research methodology encompasses a literature review to recognize existing security challenges, a case study evaluation to show the practical application of proposed solutions, and a performance evaluation to assess the effectiveness of the AI and blockchain-grounded secure manner. The article intends to broadly address security concerns in AI-empowered modern healthcare by combining theoretical insights with functional analysis. The authors of this paper use real-world and simulated data to construct and evaluate a secure AI and blockchain-grounded manner for intelligent healthcare systems. They gather medical data from various sources, conduct a case study analysis on malware samples, and use a labeled dataset to teach AI models for recognizing network-related assaults in smart health service systems. The result of the study identifies security threats in smart healthcare systems and advises an AI and blockchain-based structural design to address them. It highlights the need for standardized security measures, the first line of defense improvements, physical layer access control, and security solutions compatible with emerging healthcare technology.
(Jiamin Yin, 2021) The article highlights the contemporary applications of AI in healthcare, focusing on disease finding, triage, risk analysis, and surgical operations. It discusses challenges such as data sharing, confidentiality issues, the absence of algorithm transparency, and regulatory concerns and emphasizes the need for collaboration between the research community and healthcare providers. The review offers a global perspective on advances and challenges in health AI development and deployment. Researchers systematically reviewed the literature on AI applications in clinical practice by searching multiple databases for English peer-reviewed articles published between January 2010 and May 2020. They focused on practical implementations of AI in healthcare, identifying 51 relevant studies with various designs. The review used data from multiple sources to examine AI applications in real-life clinical settings. Researchers also searched for registered clinical trials to find studies on real-world AI implementations. This systematic review provides valuable insights into AI's impact on healthcare, identifying studies on diverse clinical tasks and conditions. Despite AI's potential in healthcare, the review highlighted a gap between research and real-world deployment, stressing the need for robust evaluation methods and future studies on AI in clinical practice. The review identified critical research gaps in AI applications in clinical practice, emphasizing the requirement for more real-world implementations and improved research quality on clinical AI evaluation. Transparent reporting of AI performance and risks is essential. Future research should comprehensively view AI's benefits and challenges in clinical environments, addressing integration challenges to realize AI's full potential in healthcare.
(Muhammad Imran, 2021) The article enquires into the potential of IoT, ML, and Blockchain in health service applications, focusing on improving medical record management, drug traceability, and disease tracking. It also discusses pandemic preparedness and governance during outbreaks like COVID-19. The authors reviewed 263 research articles from reputable databases and highlighted the significant impact of these technologies on healthcare systems. The study also included research questions on Blockchain, Machine Learning, IoT, and their applications in healthcare, addressing challenges and solutions related to these technologies. The research explores the possibility of fit in blockchain, machine learning, and IoT in health services. Data security, predictive analytics, remote patient monitoring, and disease management can be improved by these technologies. The authors led a wide-ranging survey using 263 research articles from reputable publisher databases. The survey found that these technologies improve healthcare functionality and services meaningfully but acknowledged challenges such as data security and interoperability issues. The study on IoT, Machine Learning, and Blockchain for medical care applications detected several encounters and recommended solutions. Data protection, interoperability, scalability, regulatory compliance, bias detection, cost-effective solutions, and research gaps were considered analytical focus areas. These include the need for standardized protocols, ethical considerations, cost-effective solutions, and further research to address unreturned questions and emerging trends.
(Yi XIE, 2021) The article explores the integration of AI, ML, wearable technologies, and Blockchain in chronic disease management, emphasizing advanced data analytics, personalized treatment plans, and data security. It proposes a patient-centric framework based on these technologies. The authors conducted a comprehensive literature review and developed a conceptual framework to optimize chronic disease management models. They collected patient health data from wearable devices, highlighting integrating these technologies’ potential benefits and limitations in healthcare settings. The research on incorporating Wearable Technology, AI, and Blockchain in continuing disease management shows that combining these technologies allows for real-time supervising, custom-made treatment, and early intervention, improving patient results and healthcare delivery. The implications for the future of healthcare include shifting from a hospital-centered-model to a patient-centered-one, in lead to better chronic disease management and improved patient results. The incorporation and interoperability of AI algorithms, Blockchain platforms, and wearable devices are crucial for successful digital chronic disease management. Further research is needed on regulatory challenges, long-term effectiveness, and user acceptance and adoption in healthcare. Additionally, investigating sophisticated encryption techniques and technical difficulties in integration is essential.
(Anna Markella Antoniadi, 2021) The article reviews the healthcare ever-increasing using AI and machine learning to get better identification, treatment, and decision-making. It gives emphasis to the AI applications’ potential to make healthcare more specific, efficient, and accessible. The review features the magnitude of Explainable AI (XAI) in medicine as well as health services and the neediness for clearness, fairness, and ethical considerations in AI systems. It also inquires about the impact of AI and ML in many fields and lays emphasis on the substance of morality and fairness in making decisions in healthcare. The authors thoroughly revised Explainable Artificial Intelligence (XAI) in the medical field's Clinical Decision Support Systems (CDSSs). They pointed out the analysis of XAI's challenges, opportunities, and benefits in machine learning-based CDSSs. The study's research questions motivated the AI-based CDSSs’ development incorporating XAI, the methods of XAI implementation, and the reported benefits and challenges in explainable CDSSs. The authors used an organized method to make sure a rigorous and comprehensive review process. The authors assembled data from academic literature and various sources, such as PubMed, IEEE Xplore, ScienceDirect, and Google Scholar, to observe effective case studies of AI-driven CDSS that joined XAI methods. The outcomes provided insights into the current state of XAI in CDSS, identified AI-based CDSSs that contained XAI techniques, and discussed the benefits, challenges, and the need for user studies and preferences in the successful adoption of XAI in CDSS. The research identified gaps in XAI in Clinical-Decision-Support-Systems (CDSS). It emphasized the deficiency of a universally accepted definition of explainability and the subjective nature of interpretability in AI systems. The study also noted the need for transparent classification systems, thorough algorithm selection reasoning, and user study insights to enhance XAI in CDSS. 
(Reyes-González Juan Pablo, 2022) The article meticulously scrutinizes integrating big data, artificial intelligence, and blockchain technology in health services. It converses how these technologies can improve disease identification, diagnosis, outcomes forecasting, and event prevention. The authors propose unfamiliar areas where the synergy of these technologies can provide resolutions, such as furthering medical education and digital anatomy. Overall, the article sets the stage for understanding future implications and opportunities in the field, accenting how these technologies can transfigure healthcare, improve patient outcomes, and cut costs. The article focuses on integrating big data, AI, and blockchain in healthcare. It negotiates AI’s applications in clinical decision-making and disease identification. It highlights the magnitude of data governance in health services and the potential for these technologies to modernize the healthcare system. 
(Priti Tagde, 2021) The article deliberates incorporating blockchain, big data, and AI technologies to boost data security, interoperability, and analysis capabilities in storing and managing extensive healthcare data. It underlines the likelihood of renovating health service delivery, data management, and decision-making. The study exercised a literature review and analysis procedure to inspect the healthcare sector's combination of blockchain and artificial intelligence technologies. The study looks into integrating blockchain and artificial intelligence technologies in e-health applications. It delivers key findings on these technologies' potential benefits and barriers in the e-health division. Mixing blockchain technology in healthcare applications can lead to meaningful advances in data security. At the same time, in identifying patterns in incoming data and aiding in diagnosis and treatment recommendations, artificial intelligence plays a crucial role. The study also brings to light the likelihood of putting together blockchain and AI technologies to glance at critical barriers in healthcare, such as data security, privacy breaches, and efficient data management. Finally, the study suggests that improved efficiency of service, cost reduction, and democratized healthcare access can be achieved by the medical system by combining blockchain and AI technologies. Gaps in research exist in healthcare blockchain-AI integration. Technological trust, essential for data security and privacy, needs more research. Privacy concerns continue and require strong privacy protections. Companies may be cautious about sharing proprietary AI algorithms during implementation. Scalability and efficiency are noteworthy, with research gaps in scalable systems for managing massive volumes of data. Standards are needed for easy data interchange and system compatibility. 
(Eriksson, 2023) The article explores the rising demand for high-quality healthcare and AI's role in driving innovation, highlighting AI's potential to improve medical outcomes without increasing costs. It identifies challenges in AI healthcare technology, such as limited resources and inadequate communication from healthcare professionals. Policy recommendations are made to enhance resources and improve healthcare through AI. The article also considers technology adoption and data privacy issues, employing the Technological Innovation Systems (TIS) framework to evaluate AI healthcare innovations. A mixed-method research approach assessed the AI healthcare innovation system, identifying barriers in the life science industry through secondary sources, expert interviews, and life science business executives. AI technology adoption levels in healthcare were ranked using quantitative and qualitative data. The study revealed strengths and weaknesses in the innovation system, calling for further research on AI adoption and its healthcare impact. The TIS framework is crucial in advancing AI healthcare technology in the life science industry, boasting a solid technological knowledge base, increased entrepreneurial experimentation, and system-wide synergies. However, a knowledge gap persists between decision-makers and AI experts in some companies. Resource mobilization is also hindered by restrictions on patient data use and limited financial resources, as automotive and other sectors are getting more investment than the healthcare sector. Despite this, no AI healthcare technologies are commercially deployed among medium- and large-sized companies. Challenges include data liability and privacy issues, low adoption of healthcare innovations, and lack of need articulation. Policy interventions to increase resources and develop vision and mission statements for AI healthcare technology innovations could improve the innovation system's performance. These findings highlight the strengths and weaknesses of the TIS in AI healthcare technology, indicating areas that may require attention and intervention to foster further development and adoption of AI innovations in healthcare.
(Justus Wolff, 2021) The article discusses the successful aspects of applying Artificial Intelligence in healthcare, such as policy fixing, technical application, and medical and monetary impact measurement. It emphasizes the need for a risk-adjusted policy outline, "privacy by design" technology, and quantifying AI's medical and monetary impact. The authors performed a systematic literature review to find and analyze these success factors, categorized into three main types: policy fixing, technological application, and medical and monetary impact measurement. The research acknowledged establishing a Risk-Adjusted Policy Framework, prioritizing privacy by design in technology infrastructure, and measuring medical and economic impact. Transparent data practices, open communication, and secure data access paths are also important. AI can improve medical outcomes, enhance patient care, and optimize healthcare delivery processes. The study's findings on AI implementation in healthcare have numerous potential implications, including streamlining healthcare processes, improving the accuracy of medical diagnoses, and enhancing patient outcomes. Yet, research gaps exist in real-world application cases, measurement frameworks for assessing AI's impact, data sharing, and translating AI research into clinical care. Ethical considerations, collaboration, and interdisciplinary research are crucial for successfully implementing AI in healthcare. 
(Silvana Secinaro, 2021) The paper systematically reviews the literature on AI in healthcare, highlighting its role in aiding physicians, predicting diseases, and creating personalized treatment plans. The US leads healthcare AI research, showing proactive support for AI technologies. Researchers used Massaro et al.'s systematic literature review method to analyze AI in healthcare, identifying key authors, publications, and keywords and suggesting future research directions. The findings indicate AI's growing role in improving healthcare delivery, clinical decisions, disease management, and patient care. AI is used in the management of health services, projecting medicine, diagnostics, and clinical-decision-making, enhancing diagnostic accuracy, predictive analytics, personalized medicine, healthcare efficiency, remote monitoring, drug development, patient engagement, and cost reduction. The US, China, and the UK significantly contribute to global AI healthcare innovation. Critical concepts include diagnosis support, disease spread prediction, and therapy personalization. The study encourages healthcare professionals to discuss how AI can enhance work quality and patient care. It aims to promote scientific research and guide future breakthroughs, educating stakeholders on AI's role in high-quality patient care. The study examines AI's uses in healthcare management, clinical decision-making, patient involvement, and its implementation challenges and prospects, urging stakeholders to leverage AI for improved healthcare. Research shows AI enhances work quality, efficiency, data-driven decision-making, and patient engagement by automating tasks, providing real-time insights, and guiding decisions. AI tools offer patients personalized health information and self-management resources, reducing expenses by improving operational efficiency and reducing medical errors. AI integration in healthcare research analyzes large data sets, discovers new insights, and develops creative solutions to improve patient outcomes and healthcare delivery.
(Andy S. K. Cheng, 2021) The study discusses the employment of Machine Learning (ML) and Blockchain Technology (BCT) in health services, particularly cancer-care. It emphasizes the potential benefits of integrating these technologies, covering the way for more exploration of their applications. The researchers cited the ModelChain structure, which merges Blockchain with machine learning to upgrade the data security of healthcare and obtain predictive reiterations. The study also explores the integration of ML and BCT across various healthcare phases. It emphasizes the possible benefits of combining these technologies in cancer care delivery. Sharing protected data, integrity, and traceability, ML, and blockchain can be integrated into healthcare. ML algorithms can analyze shared data for clinical-decision-making, disease-diagnosis, and treatment-planning. Blockchain can make simpler clinical trial data management and enhance patient data privacy. Integrating AI, Blockchain, and ML can reform cancer care by aiding early diagnosis, personalized treatment, and continuous patient monitoring, improving overall patient outcomes and survival rates.
(Malik Junaid Jami Gul, 2020) The article confers blending machine learning with blockchain in healthcare, focusing on how reinforcement learning automates tasks with multiple agents. It underscores the value of AI, ML, and blockchain in refining health service processes. The study reveals how agents are trained to execute tasks within the healthcare blockchain system and highlights data storage and access efficiency using machine learning concepts. The research methodology comprises theoretical framework development, system design, data collection, and analysis. The study applied various data types to train and assess machine learning agents within the healthcare blockchain system, together with Medical IoT Device Data, Blockchain Transaction Data, Agent Observations Data, Training and Testing Data, Healthcare System Simulation Data, and Performance Metrics Data. Automating tasks and improving efficiency, data security, and patient care is possible when mixing blockchain and ML in health services. Agents can become accustomed to their behavior, optimize actions, and collaborate to automate blockchain management tasks by leveraging reinforcement learning. The research shows the feasibility and benefits of using reinforcement learning-based blockchain agents in the healthcare sector.
(Zeeshan Ahmed, 2020) The article reviews AI and ML applications in healthcare, addressing ethical challenges and exploring blockchain integration to drive U.S. healthcare innovation. It details study objectives, research methodology, and literature analysis of AI and ML trends. The authors reviewed scientific literature, research articles, and studies from peer-reviewed journals, conference proceedings, and academic publications. The study used healthcare data sets, together with electronic health records, patient demographics, clinical notes, diagnostic imaging, and treatment outcomes. It highlights AI and ML in disease detection, treatment optimization, predictive analytics, and personalized medicine. Industry reports on AI and ML in health services are also referenced. AI in healthcare and precision medicine offers significant benefits, enhancing patient care, optimizing workflows, and improving outcomes. A multi-functional ML platform is crucial for leveraging advanced technologies to support personalized medicine, predictive analytics, clinical decision support, workflow optimization, remote monitoring, telemedicine, and drug discovery and development. Implementing AI in healthcare poses challenges like data quality, integration, interpretability, transparency, regulatory and ethical issues, integration with clinical workflows, bias, fairness, skill gaps, training, cost constraints, and patient trust. AI and machine learning in healthcare and precision medicine also face resource distribution issues, unsustainable business models, potential disruptions in physician-patient relationships, and risks of dehumanizing healthcare data. The author underscores the AI in health care increasing importance and its potential significance in enhancing traditional practices. It addresses the challenges and ethical considerations in developing and applying AI and ML algorithms in healthcare. It emphasizes the necessity for comprehensive solutions to join together and analyze health-care data from numerous resources to reinforce clinical-decision-making, personalized-medicine, and population-health-management.
(Zuzanna Angehrn, 2020) The review article examines the growing use of AI and ML technologies in medical practice, focusing on their potential at the point of care. It includes case studies to explore current capabilities, regulatory requirements in the US, and the digital transformation of healthcare. The discussion encompasses clinical decision support tools and regulatory considerations in the US, Europe, and China, utilizing data from PubMed and regulatory agency websites. The article explores AI and ML applications in healthcare, such as wearable technologies for home monitoring, imaging diagnostics, and clinical decision support for precision dosing, highlighting regulatory oversight by agencies in these regions. Integrating AI and ML at the point of care offers improved diagnostic accuracy, enhanced treatment decisions, remote monitoring, increased efficiency, and predictive analytics. Challenges include data quality, algorithm transparency, regulatory standards, and ethical issues, which must be addressed to enhance patient care, clinical outcomes, and healthcare innovation. Accessing algorithm development and implementation data remains challenging. However, ML applications in remote monitoring, diagnostic imaging support, and precision dosing show promise in improving patient monitoring, diagnostic accuracy, and treatment decisions. AI and ML solutions offer integration with global databases, advancing the understanding of disease variability and treatment responses. Collaboration among regulatory agencies is crucial to establishing common frameworks for regulating AI and ML in healthcare. Research gaps include data quality, algorithm bias, regulatory issues, system integration, ethical considerations, and clinical validation. 
(Filipe R. Lucini, 2021) The research paper clarifies the benefits of NLP techniques to analyze unstructured data from electronic medical records (EMRs) in healthcare. It highlights in what way AI and ML technologies can extract valuable insights and progress communication among healthcare specialists and family members. The research methodology contains large data analysis using NLP to pull out meaningful information and automate communication pattern analysis, showcasing NLP's potential to improve patient-centered care. The article observes NLP's role in analyzing communication data from EMRs in Alberta's intensive care units and evaluates its performance using sensitivity, specificity, and AUROC. The findings contribute to the information on NLP in healthcare communication analysis. The research paper debates NLP's use in analyzing communication between healthcare-professionals and family-members of critically ill-patients. The study, including 280 adult patients from 15 ICUs in Alberta, used NLP to extract and analyze communication data from EMRs. It emphasizes NLP's possibility of improving communication in healthcare, suggesting that NLP tools can inform personalized communication training and standardized communication protocols to enhance patient and family engagement. The study considers NLP's use to trace communication mode and frequency between healthcare-professionals and family-members of critically-ill patients. NLP methods, including rule-based and machine-learning approaches, were compared, with the rule-based approach performing better overall. Over 2700 combinations of NLP methods and hyperparameters were assessed for each communication mode. The study stresses the significance of measuring communication in critical care settings for patient- and family-centered care. 
(Partha Sardar, 2019) The article discusses how AI transforms decision-making aids and advanced interventional procedures in cardiology, showcasing its possibility to enhance patient care and clinical results. It highlights using ML algorithms for predictive analytics, risk assessment, and real-time monitoring. The review provides an understanding of the future integration of AI in all segments of patient care and briefly touches upon cybersecurity risks associated with AI technologies. It discusses AI’s use in intrusion into cardiology to improve real-time clinical-decision-making, workflow optimization, and regulating techniques using cutting-edge robotics. AI enhances cognitive output in cardiology through various applications that leverage advanced algorithms and technologies, revolutionizing decision-making and providing predictive analytics, risk assessments, and treatment recommendations based on individual patient profiles. Artificial Intelligence has the ability to transform the catheterization laboratory by making a more efficient workflow, optimizing resource allocation, and enhancing efficiency. Patient data can be examined by AI algorithms, provide real-time decision support, and optimize resource allocation. They can organize tasks, forecast patient outcomes, and automate workflow, all of which can improve efficiency and patient care. However, AI has limitations in interventional cardiology, such as unrealistic expectations, data limitations, autonomy challenges, and ethical complexities. Collaboration between clinicians and AI technologies is important for making the most of the benefits of AI in interventional cardiology.
(Nariman Noorbakhsh-Sabet, 2019) The article discusses AI and ML’s impact on healthcare, accentuating their potential to transfigure the sector. It highlights clinical, translational, and public health applications, focusing on improving healthcare deliverance and patient outcomes. The article also hints at combining blockchain technology to increase data security and clearness. The data likely included research studies, case studies, ethical considerations, and industry reports on AI and machine learning in healthcare. Artificial Intelligence is more and more used in healthcare for disease prediction, diagnosis, tailored treatment planning, and drug finding. AI supports decision support, medical imaging analysis, remote monitoring, and healthcare operations. Machine learning is useful in clinical settings for long-lasting disease treatment, congestive heart failure, and precision medicine in cancer. Data sharing, privacy, and genetic information are key attentions in the healthcare AI context, emphasizing the need for privacy-preserving frameworks and secure data-sharing practices. The researchers highlight Artificial Intelligence’s potential to accelerate breakthroughs through data analysis and precision medicine. They highpoint the necessity for privacy protection and address the challenges and chances of integrating AI into clinical practice.
(Mary H. Stanfill, 2019) The article deliberates on the effect of AI on automated medical coding, data management, and governance in healthcare. It also spotlights legal, ethical, and regulatory obstacles associated with data privacy in AI applications. The study talks about the growing roles and skills required in Health Information Management (HIM) due to AI progressions and studies the implications of AI on healthcare data management. The authors used a mixed-methods approach to explore AI's impact on HIM practices and workforce dynamics, covering a literature review and semi-structured interviews with HIM leaders. AI technologies are expected to significantly impact automated medical coding and the capture of AI-based information in healthcare. AI can enhance efficiency, save time, reduce healthcare professionals' workload, and improve accuracy through extensive dataset analysis by automating diagnostic and procedure code assignments from clinical records and documents. With the help of AI systems, healthcare organizations can be updated in real-time with current coding guidelines, ensuring compliant practices and cost savings. Extensive healthcare data can be analyzed by AI to extract insights, identify patterns, predict outcomes, and improve decision-making, supporting personalized treatment plans and providing clinicians with real-time recommendations. Additionally, Population health management can be efficient with the support of AI by identifying at-risk groups, predicting disease outbreaks, and optimizing resource allocation for preventive measures. HIM professionals are fundamental in improving coded data quality essential for AI development through data validation, quality assurance, defect detection, training, collaboration, technology use, data governance, and continuous monitoring. These approaches confirm high-quality coded data for accurate AI applications in healthcare. The growing adoption of AI is creating career chances for HIM professionals, with roles growing to emphasize technical skills in data storage, acquisition, and analytics. Data privacy and security are also key concerns, with HIM professionals needing accordance with HIPAA and GDPR, data encryption measures, and access controls to protect patient information.
(Sandeep Reddy, 2019) The paper explores AI's ethical and regulatory challenges in healthcare and suggests a governance model to address these issues. It offers insights and recommendations for integrating AI, ML, and blockchain technologies into the U.S. healthcare system, enriched by international perspectives and best practices. The review encourages ongoing dialogue on AI governance in healthcare, promoting an all-inclusive approach. The authors performed a literature review and interdisciplinary collaboration to develop a model emphasizing fairness, transparency, trustworthiness, and accountability. They highlight the extent of various training datasets to stop biases, errors, and discrimination in AI models. Ethical considerations, for instance, AI bias, privacy concerns, transparency, patient safety, and health inequalities, are also inspected. Governmental organizations and tech companies capitalize on AI medical applications to transform healthcare delivery, improve outcomes, and address industry challenges. The propositioned Governance Model for AI in Healthcare (GMAIH) consist of fairness, openness, trustworthiness, and accountability to handle ethical and regulatory concerns. It encourages representative datasets, algorithm transparency, AI application reliability, and clear accountability to lessen biases and ensure safety. Ethical issues recognized include biases in openness in AI decision-making, AI algorithms, and patient data privacy. They underscore the necessity for regulatory frameworks to ensure safe and fair AI addition in healthcare, recommending a Governance Model for AI in Healthcare (GMAIH). The study gives importance of addressing ethical and regulatory challenges and calls for joint efforts among stakeholders to guarantee the responsible AI usage in improving healthcare outcomes.
Methodology

This chapter digs into the research methodology implemented for the thesis. The purpose is to offer a complete analysis of the future implications and opportunities of Artificial Intelligence, Machine Learning, and Blockchain in healthcare in the United States. The thesis was selected for a systematic literature review, a process widely viewed as the most appropriate for this thesis. 

A Systematic Literature Review involves a methodical examination of scholarly literature on a specific subject. It offers a wide-ranging overview of the existing literature on a particular topic of study. The process includes identifying a research problem, creating a review protocol, conducting a thorough search for relevant studies, selecting high-quality research articles, evaluating the chosen studies, extracting essential data, analyzing and synthesizing the results, and reporting the findings in a comprehensive report.
One of the authors' works, cited in the literature review, influenced the choice to utilize this research methodology. (Massaro, 2023)
Data for this thesis paper was methodically collected from various academic journals and papers. Identifying relevant literature began with a comprehensive search strategy consisting of keywords and phrases related to AI, ML, Blockchain, healthcare, and the United States, as well as opportunities, implications, future, outcomes, application, impact, and data. 

The literature search was conducted across several academic databases, including SpringerLink, IEEExplore, ResearchGate, Sage Journals, MDPI, Science Direct, National Library of Medicine, Emerald Publishing, and Google Scholar. It narrowed down to articles, papers, and journals published in English.

The selection of the literature for the thesis topic was based on relevance to AI, ML, and Blockchain in U.S. healthcare. Credibility was assessed by evaluating the publication and authors' reputations. Only recent literature from 2019 to 2023 was included to ensure up-to-date information. Data extraction identified key findings and themes, focusing on future implications and opportunities of these technologies in U.S. healthcare, including current applications, potential benefits, challenges, and emerging possibilities.
The data will be analyzed to uncover trends and predict future implications, such as technology adoption rates, advancements, and changes in the healthcare sector. Potential applications will be explored by identifying unmet needs or inefficiencies that AI, ML, or Blockchain could address. For example, existing issues in healthcare will be examined to evaluate how these technologies might resolve them. The methodology for data analysis will be thematic analysis, which systematically identifies, examines, and codes recurring themes within the data, which is then categorized accordingly.
Acknowledging the study's limitations, notably its geographical setting in Dhaka, Bangladesh, is essential. This location posed challenges in accessing specific databases that are more readily available to scholars in the United States, limiting the collection of primary data such as interviews with professionals and experts. Another challenge was accessing specific databases and publications requiring paid subscriptions to access their content. As a result, potentially relevant articles behind paywalls were not included in this study. Despite this, every effort was made to ensure a complete and thorough analysis of the reachable literature.
Analysis
Insightful information was extracted from the 40 relevant research articles and coded based on their thematic content. The codes were reviewed repetitively, and recurring themes were identified and refined. A bar chart for visual representation was created in MS Excel to explore theme frequencies and potential relationships. For example, (Wenhua, 2023) “Blockchain networks have a wide range of applications in healthcare systems, corresponding to security and privacy to protect patients’ medical data from unauthorized access.” Transformed to code such as “blockchain_data_access_authorization” and “blockchain_patient_data_storing_protected,” subsequently, these codes were assigned to a theme such as “Data security in healthcare.” A bar chart is shown below.
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The bar chart exposes that the theme ‘Improve outcomes of patients' emerged as the most frequent theme, with a count of 76 codes. This proposes that improving healthcare delivery through artificial intelligence and machine learning is a central concern in this body of research. Also, the theme 'Data security in healthcare' appears frequently, highlighting potential benefits and risks associated with increased patient data storage and treatment outcomes in the context of Artificial Intelligence, Machine Learning, and Blockchain adoption. 
The thematic analysis recognized 43 themes related to the future implications and opportunities of Artificial Intelligence, Machine Learning, and Blockchain in US healthcare. To investigate the most dominant aspects more deeply, the focus was on the eight themes that appeared in the data over 30 times. These themes likely represent the core concerns and discussions within the research analyzed. These themes are central to the ongoing conversation surrounding Artificial Intelligence, Machine Learning, and Blockchain and their potential impact on US healthcare.
Theme 1: Improve outcomes of patients

Artificial intelligence and machine learning have the potential to improve patient outcomes.

(Alowais, 2023) In the upcoming future, AI technology could support medical-decisions by providing clinicians with real-time assistance and insights. AI algorithms analyze large amounts of data, while ML can study and adapt based on new data input. Technology can assist healthcare-professionals in making effective and efficient decisions by studying medical data such as data from electronic health records, medical images such as X-rays, MRI, genetic information, and patient information. AI enables the analysis of complex genomic datasets to predict treatment outcomes and optimize therapeutic strategies. Healthcare providers can make data-driven decisions, predict patient responses to specific medications, and recommend personalized treatment plans based on genomic information by leveraging AI algorithms. 
A case study points out by (Ramudu, 2023), Mount Sinai researchers have designed an AI system capable of accurately diagnosing COVID-19 from chest X-rays. After being taught on a dataset of chest X-rays from COVID-19 patients, the system completed a diagnostic accuracy of 90%.
In a study, to create a support machine learning model that precisely predicted the chemotherapy response researchers used patients' gene expression data. 175 cancer patients were involved in the study and their gene expression patterns were utilized by the researchers to forecast how these patients would react to several standard-of-care chemotherapies. The research showed promising results, with an accuracy of prediction over 80% for several medicines. These findings exemplify AI’s potential in predicting therapy response. In a separate study, the researchers try to predict the reaction to several classes of antidepressants by utilizing electronic health records (EHR) from 17,556 individuals and artificial intelligence (AI). The AI models evaluated aspects showing treatment selection to reduce the impact of needless variables and demonstrated predictive solid accuracy. The study verified the aptitude to predict the antidepressant treatment’s usefulness by operating real-world electronic health record (EHR) data and artificial intelligence (AI) modeling. This proposes the likelihood of creating clinical-decision-support-systems to enhance the choosing of more efficient treatment selections. Thus, the two studies specify how AI and ML can predict outcomes by analyzing medical data and how healthcare professionals can obtain awareness from AI.
To offer tailored and easily accessible care for individuals with mental health disorders, AI mental health assistance is an important use of artificial intelligence (AI) technologies. These AI-driven solutions promote the diagnosis, early identification, and treatment of mental health disorders, providing personalized interventions and assistance. Artificial intelligence improves the convenience of mental health care by offering continuous support and diminishing the necessity for face-to-face meetings. People can distantly use mental health solutions driven by artificial intelligence, allowing them to receive ongoing care and monitoring for their mental well-being. Multiple studies have demonstrated the effectiveness and ease of use of Web-based or Internet-based cognitive-behavioral therapy (CBT) as a psychotherapy interference. In addition, to observe patient advancement and adherence to medicine, offering vital observations on the efficacy of therapies, these digital technologies can be utilized.

A recent study reviewed the usefulness of Woebot, a digital software dedicated to mental health, among individuals diagnosed with substance use disorders. A substantial correlation between the utilization of Woebot and enhanced outcomes in substance use, cravings, depression, and anxiety was revealed by this study. Even though AI-powered mental health diagnosis is possible, it is crucial to answer certain important limitations. A significant constraint is the possibility of data bias and algorithm bias applied in AI-driven diagnostics. Inadequate representation of diverse populations in the training data for AI algorithms can consequence in biased and flawed outcomes.
(Stephanie Baker, 2023) Cited that Artificial intelligence of medical things (AIoMT) could make it easier to find possible mental illnesses quickly, quickening of getting the correct assessment and treatment. Bipolar disorder is a widespread depressive condition characterized by noticeable mood instabilities between depression and mania. However, it is often misunderstood. A recent study sought to tackle this problem by creating an AIoMT system that utilizes EEG data to detect the illness. After conducting several trials of various machine learning algorithms, it was shown that employing a gradient-boosting strategy made a diagnostic accuracy of 94% for bipolar disorder. This accuracy was achieved by utilizing characteristics retrieved from the EEG data. The Support Vector Machine (SVM) and decision tree models demonstrated robust performance, with an accuracy rate above 87.48%. 

By integrating the medical Internet of Things (IoT) and wearables, AI and ML can potentially monitor patients remotely. Patient data collected from wearable devices, IoT sensors, and mobile apps can be analyzed by AI algorithms to detect health trends, predict potential health issues, and facilitate timely interventions. These devices provide continuous monitoring and early warning alerts for possible health issues, as mentioned in (Ramudu, 2023). In the case of healthcare, 5.0 foresees that when integrating Explainable Artificial Intelligence (XAI) with IoT, wearables, and telecommunication networks like 5G or 6G will enable the collection of medical data faster and more efficiently. As a result, remote healthcare delivery will be achievable; hence, monitoring disease progression will be more accessible, and diseases can be diagnosed without human intervention. 
Artificial intelligence (AI) can transform surgical techniques and enhance patient outcomes. AI in surgery involves creating and applying intelligent surgical robots with cutting-edge sensors and machine-learning algorithms. These robots can aid medical practitioner in complicated surgeries, such as brain or heart surgical procedure, by offering immediate data analysis, including imaging scans and vital signs. By providing valuable insights and guidance, AI-powered surgical robots improve the accuracy and precision of surgical procedures. For example, (Partha Sardar, 2019) The author said that Verb Surgical is a company on behalf of a Google and Ethicon Endo-Surgery alliance. The company is developing advanced surgical robotic systems combining machine learning (ML) capabilities and awareness to improve surgical procedures. The term "awareness" refers to the system's ability to understand the surgical environment, anticipate potential challenges, and provide intelligent assistance to the surgical team in the context of surgical robots. By exploiting ML and awareness, Verb Surgical robotic systems can actively spot issues, offer decision support, and optimize surgical workflows to improve patient outcomes and surgical interventions' efficiency. Verb Surgical's objective is to enable its systems to learn from data, adapt to different surgical scenarios, and make real-time decisions based on the available information by integrating ML algorithms into their robotic platforms. This ML-driven tactic allows robotic systems to analyze multifaceted data inputs, such as images and sensor data, to identify patterns, anomalies, and critical factors during a procedure. 
Blockchain has the potential to improve patient outcomes.
Data breaches, cyber-attacks, and data theft in healthcare often increase patient privacy and data security concerns. Several researchers suggest implementing blockchain technology into healthcare systems to protect medical data and provide robust security protection from cyber-attacks and fraudulent activity, such as manipulating data or prescription fraud. Blockchain technology enables healthcare providers and stakeholders to audit trail data and transactions, resulting in transparency in healthcare. (Wenhua, 2023) Healthcare 5.0 expects blockchain technology to hold immense likelihood to improve patient-monitoring and remote-healthcare by offering a secure and clear stage for handling, managing, and communicating patient health data. 
With blockchain's help, real-time patient health-data tracking through IoT devices and sensors becomes possible. These devices collect crucial health information, such as vital signs and activity levels, which are then encoded and securely stored on the blockchain. The blockchain ensures that patient-data is tamper-proof and private. Patients have more control over who can gain access to their data, enhancing privacy and trust in remote health monitoring. A case mentioned in (Abdulatif Alabdulatif, 2022)  Blockchain for remote health monitoring. The application of blockchain technology in addressing diabetes disorder, particularly in the context of the COVID-19 contagion. By leveraging blockchain technology, the researcher prioritized healthcare resources, including hospital beds, oxygen, insulin pumps, telemedicine services, and a continuous checking system for diabetes patients mainly impacted by the pandemic. They utilized blockchain-based-technologies, including interplanetary file systems, smart contracts, and the new economy movement, to secure and verify patient data and create a proof-of-concept-model. Their suggested system significantly improves transaction speed, transaction fees, and power usage. As a result, effectively and efficiently using blockchain can improve patient outcomes.
Smart contracts in blockchain can automate various healthcare operations, such as insurance claims processing, patient-consent-management, and billing. Blockchain technology is changing how healthcare claims work. It makes the process more transparent, efficient, and trustworthy. With blockchain, insurance claims can be handled without intermediaries, which saves money and reduces fraud. By connecting securely with healthcare providers and patients, insurers can build trust and make claim settlements smoother. Smart contracts powered by blockchain automate and enforce insurance policies, saving time and making things more efficient. Blockchain technology also encrypts and controls access to sensitive insurance claim data, keeping patient, treatment, and claim information safe from unauthorized access. It is harder to commit insurance fraud as blockchain transactions create a reliable record of claim operations. This helps insurers track claims, spot fraud, and follow regulations, which all help to build confidence and trust. Healthcare companies and insurers can simplify processes, cut costs, increase data security and privacy, and make claim settlements more efficient and trustworthy by using blockchain technology.
(Ibrar Yaqoob, 2022) Blockchain technology can improve several features of medical billing systems. It can improve billing accuracy, fraud prevention, data security, and privacy and increase transparency. Blockchain confirms the honesty and security of billing data, preventing fraud and ensuring accurate records by recording transaction records in a tamper-proof ledger. Due to the transparent audit trail, healthcare providers can track the entire medical billing transaction lifecycle, improving accountability and reducing billing modifications. Through smart contracts, blockchain can also automate billing procedures, minimizing errors and speeding up cycles, ultimately saving healthcare costs, improving efficiency, and accelerating reimbursement. Encrypting crucial billing data and restricted access to unauthorized parties maintain data security and privacy. The risk of centralized data breaches is reduced by the decentralized billing data storage mechanism over a network of nodes. Additionally, it helps eliminate duplicate billing with the help of blockchain technology by preserving a single source of truth for billing information, reducing errors and conflicts. Real-time data access improves transparency and visibility into billing activities for patients, insurers, and healthcare providers.

It is common for patients to switch healthcare providers, which is overwhelming for both patients and providers. This process usually involves creating new patient data and conducting additional clinical diagnostic tests, as the existing medical records may need to be recovered or updated. A secure platform for storing medical data can address these challenges, allowing patients and doctors to access and share information efficiently and securely. This is where blockchain technology comes into play. (Abdulatif Alabdulatif, 2022) Argue that blockchain enhances interoperability and enables seamless data sharing among healthcare systems and stakeholders by establishing a unified and secure data exchange platform. Through standardizing data formats, protocols, and access controls, blockchain facilitates safe and efficient data sharing while upholding data privacy and security. The future of healthcare is envisioned to involve the utilization of blockchain for interoperable data sharing, enhancing care coordination, and improving healthcare outcomes through collaborative data exchange. This sharing and collaborative approach can help doctors communicate efficiently and assist in effective decision-making, as a result improving the patient’s outcomes.
Theme 2: Data Security in Healthcare.

Artificial Intelligence and Machine Learning have opportunities to enhance data security in healthcare.

Machine Learning (ML) can examine medical images and patient data, which allows AI and ML to boost cybersecurity by identifying fraudulent activities and safeguarding patient data using anomaly detection, network security, and adherence to data privacy regulations. Integrating AI and XAI with Edge computing further strengthens data privacy and security in healthcare environments. Healthcare organizations can minimize data transmission over the network by processing sensitive patient data locally at the network edge, the risk of data breaches and illicit access reduces. Edge computing facilitates on-device data processing, encryption, and secure communication, guaranteeing the confidentiality and integrity of patient information while joining the capabilities of AI and XAI. (DEEPTI SARASWAT, 2022) and (Abdulatif Alabdulatif, 2022)
Additionally, said by (Muhammad Imran, 2021)  Federated learning (ML approach) --based healthcare data tracking framework is explained. The framework aims to improve accuracy and latency performance while stressing data security in smart healthcare systems. To secure private and sensitive healthcare data during training, the system uses a decentralized algorithm, for instance, federated learning; through federated learning, the model can be trained directly on each device without sharing raw data, protecting the privacy of patient data. This method improves data security by keeping the data decentralized and reducing the risk of data breaches or unauthorized access. It is a good choice for applications that monitor healthcare data.

Moreover, (Mary H. Stanfill, 2019) The behavior of various healthcare participants can be analyzed by Artificial intelligence (AI), including patients, healthcare-providers, and insurance-companies. This analysis helps recognize any unusual behavior that could indicate fraudulent activity. AI can enhance its ability to identify and prevent fraud by using machine learning models to examine historical data and detect abnormal behavioral patterns. AI systems can be linked to external fraud databases and sources to access additional information and gain perceptions of established fraud schemes, perpetrators, and strategies. AI can improve its ability to detect fraud and stay informed about new fraudulent patterns in the healthcare industry by utilizing external data sources. In conclusion, malicious data or data breaches can be detected by AI and ML and alert healthcare systems to take measures. Although many research articles pressure AI’s potential to increase data security in healthcare, they also highlight that healthcare-organizations must devise strong data security procedures to safeguard patient information from unauthorized access, breaches, or misuse.
A study was mentioned in (Abdulatif Alabdulatif, 2022) By using ML to detect fraudulent activity. The Health Sector Cybersecurity-Coordination-Center has identified a new phishing scheme targeting healthcare systems. The attack, launched via emails, uses catchy phrases to lure victims to a malicious web page. Researchers have used ML and DL models like Random-Forest, K-nearest-Neighbor (KNN), Decision-Tree, and Naïve-Bayes to protect healthcare systems from fraud and phishing detection. The KNN model has shown the best accuracy in mitigating phishing detection in healthcare, highlighting the need for improved cybersecurity measures.

In addition, another case was mentioned: Malware is targeting the healthcare ecosystem, disrupting smart healthcare systems. An attention—and deep-learning-based detection and classification-approach has been proposed to combat this. This method extracts byte sequences from malware executables and automates feature selection, achieving 95% and 94% accuracy in malware detection and classification compared to existing methods.
Blockchain has the potential to improve data security in healthcare.
By offering a secure and decentralized framework for storing, managing, and sharing sensitive-patient-information, blockchain technology can revolutionize healthcare systems. By creating an unalterable and transparent ledger of transactions, making it nearly impossible to alter or tamper with existing records, the technology ensures data integrity. This puts a stop to unauthorized modifications and maintains the truthfulness of patient data. Through smart contracts and permission access, blockchain helps to secure data sharing among healthcare-providers, patients, and other authorized-entities. This allows healthcare organizations to trace the origin and movement of data throughout the network, enhances accountability, and tracks unauthorized access or changes. As a result, blockchain also provides traceability and audibility, and Interoperability is improved by enabling seamless data exchange between providers, systems, and devices. At the same time, it validates and reaches a consensus on the accuracy of data entries. Hence, data consistency is ensured across multiple nodes. Blockchain's decentralized nature and cryptographic security methods make it hard for cyber-attacks and unauthorized access, reducing the risk of data breaches and enhancing the overall security posture in healthcare systems. 

Research conducted by (Ahmed I. Taloba, 2023) It determines that integrating blockchain and IoT processing of multimedia data can be efficiently secured and provide robust security. The researchers developed a "blockchain-based-hybrid-platform-for-multimedia-data-processing-in-IoT-Healthcare." This framework merges blockchain technology with IoT healthcare systems to confirm a secure, transparent, and efficient platform for multimedia data processing. It consists of a blockchain-powered backend for data processing and exchange, a web application for patient communication, and a secure system for sharing patient information, medical records, and diagnostic images. Ensuring its integrity, the Miners authenticate and validate data. Patient privacy and confidentiality are maintained through decentralized communication among stakeholders. By optimizing information exchange, reducing record duplication, and improving system performance, Blockchain integration enhances data processing efficiency. It allows data collection and monitoring, detecting illicit activities at each communication step. Smart contracts and decentralized verification methods detect and expose unauthorized activities, ensuring data security and compliance with regulations. Tests on malicious IoT devices for illegal activities showed an 86% effectiveness in detecting and preventing security breaches compared to current solutions. The framework aims to create a secure, transparent, and efficient platform for multimedia data processing and communication in the healthcare sector.
In another study by (Mr.K.Sathyaseelan, 2023), The researchers conducted a survey by developing a model that combines blockchain with AI and IoT to boost security, productivity, and patient care in healthcare. This model called the "Blockchain-Enabled-Intelligent-Surveillance-System-Model-with-AI-and-IoT," gathers, sends, examines, and incorporates data from IoT devices, including sensors and cameras. A blockchain network stores the data, making sure it cannot be changed and remains see-through. Blockchain provides strong security techniques, such as encryption and access-control, to guard sensitive surveillance data from unwanted access. The system checks surveillance data for odd activities or security breaches, setting off alerts or notices based on set rules. The system takes automated actions in response to what it finds from analyzing and watching. IoT sensors ensure updates happen non-stop, while blockchain tech-based authentication methods control user access. This model increases security and effectiveness and quickly monitors and manages various settings, like healthcare facilities, public spaces, and key infrastructure. The outcome shows the highest overall performance score of 98.3, beating other methods significantly. Security performance is 85.3%, the security rate is 83%, and the latency rate is 4.2%.
(Priti Tagde, 2021) MedRec and MeD Share are groundbreaking healthcare models that use blockchain to handle electronic health records (EHRs) and make sure medical data gets shared and MedRec lets patients take charge of their medical info, which boosts openness and faith in the healthcare system. Med Share, in contrast, is a safe blockchain setup to share medical data between parties that do not trust each other, ensuring the data is real, can be checked, and stays private. It gives custom audit power and cuts down on possible data safety threats, ensuring the data is genuine and private, and helps healthcare groups work together. Both models can improve patient care, keep data honest, and help healthcare workers work together more.
Theme 3: Enhanced diagnostic accuracy in healthcare

Artificial Intelligence and Machine Learning have the potential to enhance diagnostic accuracy.
Using predictive analytics systems in AI and ML allows for developing models to predict patient consequences, disease-progression, and healthcare-trends by analyzing patients' medical reports and medical images like MRI, X-ray, and CT scans. Healthcare providers anticipate health issues, leading to better patient care with the help of AI-algorithms. ML applications can estimate patient outcomes, disease progression, and treatment responses, aiding early intervention and personalized care plans. Technological advancements reduce medical errors through AI-powered image recognition algorithms and analyzing medical imaging, laboratory results, and patient records, enabling early diagnosis and improving patient outcomes. AI and ML algorithms facilitate early disease detection, allowing timely intervention and treatment and potentially improving survival rates. 
(Stephanie Baker, 2023), Convolutional-Neural-Networks (CNNs) are commonly used in medical imaging for accurate diagnosis and treatment planning. AI-powered diagnostic tools can aid healthcare-providers in detecting abnormalities and identifying diseases early, ultimately improving patient-care and treatment-outcomes. (DEEPTI SARASWAT, 2022) The researcher mentioned the potential of Explainable artificial intelligence (XAI) when AI algorithms integrated with IoT data, diagnosing diseases, predicting treatment outcomes, and recommending personalized-treatment-plans is possible which can help healthcare-professionals. 
Healthcare organizations can improve diagnostic-accuracy, reduce treatment errors, and enhance patient-outcomes by leveraging IoT-generated data for AI analysis. EXAI provides transparency into the decision-making process of AI models, allowing healthcare professionals to validate and trust the diagnostic and treatment recommendations. 
(Shuroug A. Alowais, 2023) ML technologies support survivorship care by monitoring cancer survivors' health status, predicting disease recurrence, and recommending personalized follow-up care plans. ML algorithms analyze patient data, treatment histories, and health trends to identify potential complications, monitor long-term outcomes, and optimize survivorship care strategies, enhancing cancer survivors' quality of life and well-being.
In the study (Massaro, 2023), Mount Sinai researchers have developed an AI structure capable of correctly diagnosing COVID-19 from chest X-ray images. After being educated on a dataset of chest X-ray images from COVID-19 patients, the system achieved a diagnostic accuracy of 90%.

A case mentioned in (Jiamin Yin, 2021), The IDx-DR system, developed by IDx, LLC, has been successfully tested for detecting diabetic retinopathy in primary clinic offices across the US. The system achieved 87.2% sensitivity, 90.7% specificity, and 96.1% imageability rate, demonstrating its effectiveness in detecting the condition. This has led to the IDx-DR system becoming the first AI diagnostic system authorized by the FDA, demonstrating its capability to improve early detection and prevent vision loss in diabetes patients.
Another successful application of AI stated in (Reyes-González Juan Pablo, 2022), the project Lesion_Identification_with_Neighborhoods_Data_Analysis (LINDA) combines Big Data and AI technologies to identify vascular and parenchymal-lesions in MRI studies of patients with enduring stroke. The algorithm learns the relationship between manual segmentations and T1-weighted MRI images. The project involved creating a database with 60 left-hemispheric-chronic-stroke patients and testing it against an independent dataset with 45 patients. The results showed promising results, demonstrating the mixing of Big Data and AI technologies in medical imaging data analysis, diagnosis accuracy, and treatment planning.
Blockchain has the opportunity to improve diagnostic accuracy in healthcare.
Blockchain is well-known for its unique features, including robust security measures, a self-executing feature called a smart contract, and a hashing algorithm function. However, blockchain does not significantly improve diagnostic accuracy. (Wenhua, 2023) Instead, it ensures data integrity and security by securely storing medical data, including diagnostic information, in a tamper-proof manner. This prevents unauthorized access, tampering, or alteration of diagnostic data, resulting in more accurate results. Blockchain allows for the safe and seamless sharing of diagnostic data among healthcare practitioners, laboratories, and other involved parties, providing a comprehensive view of the patient's medical records.

Furthermore, blockchain technology maintains unchangeable audit trails, ensuring transparency and traceability throughout the diagnostic process. Implementing an audit trail improves accountability and accuracy in diagnostic procedures. Smart contracts, self-executing contracts with predefined rules, automate diagnostic protocols, reducing human errors and variability. This automation process minimizes errors and produces more consistent and accurate diagnostic results. 
Case mentioned in (Andy S. K. Cheng, 2021) In 2018, a Medicalchain was established in the United Kingdom, utilizing blockchain technology to document patients' medical data. The Medicalchain platform integrates several AI technologies, including machine learning (ML), to enhance the monitoring and analysis of cancer risk. This advancement in cancer prevention and management dramatically enhances the capacity to prevent cancer and minimizes its associated burden.
Moreover, securing the storage and exchange of diagnostic data in healthcare is made possible with the help of blockchain, enabling improved analytics for population health research, clinical trials, and predictive modeling. Healthcare organizations can enhance diagnostic accuracy by utilizing blockchain technology for data analytics, obtaining valuable insights into illness patterns, treatment outcomes, and diagnostic trends, thereby supporting evidence-based practices. In conclusion, the integration of blockchain technology in the healthcare sector has the potential to enhance the precision of diagnoses greatly.
Theme 4: Operation efficiency in healthcare
Artificial Intelligence and Machine Learning can increase operation efficiency in healthcare.
A nurse in the United States spends an average of twenty-five percent of her time on administrative activities. (Abdulatif Alabdulatif, 2022). AI can improve healthcare-operations by automating administrative-tasks, improving resource-allocation, enhancing patient scheduling, and reducing operational costs. This leads to increased efficiency, productivity, and quality of care in healthcare facilities.

AI technologies can automate monotonous and time-consuming tasks in healthcare, such as data entry, administrative duties, and basic diagnostics. By taking out information from medical records, Electronic Health Records (EHR), lab reports, and other sources, natural-language-processing algorithms can analyze unstructured-data and translate it into structured formats, saving time for healthcare professionals and dropping the risk of transcription errors (Alowais, 2023). AI can make available healthcare providers' time to focus on more complex cases, ultimately improving patient care results by automating routine tasks related to drug information recovery and consultation,
(Bertalan Meskó, 2023), by creating comprehensive notes, summaries, and reports using patient data, medical records, and diagnostic information, Large Language Models (LLMs) can simplify clinical documentation processes. This automation considerably reduces the time and administrative load associated with documentation tasks for healthcare professionals. As a result, healthcare professionals can give more time and attention to patient care rather than being tied down by manual documentation tasks. Natural Language Processing (NLP) is also being investigated to identify different aspects associated with suicide by creating a specialized database or language specifically for analyzing suicide notes. 

AI technologies can also serve as virtual assistants or chatbots to provide consultation support to healthcare providers and patients regarding medication-related queries. These virtual assistants can answer common questions about medications, dosage instructions, potential side effects, and drug interactions, offering personalized recommendations based on individual patient profiles and medical histories. For example, AI chatbots can engage patients to provide medication reminders, offer lifestyle recommendations, and address common concerns related to their medications, improving patient engagement. (Justus Wolff, 2021) Mentioned two applications. One is AI technology called "Persuasive Communication Tailoring," which has been utilized to deliver motivational messages for smoking cessation to adults. The antismoking application's machine-learning version performed better than the previous rule-based-system. The algorithm was educated using data obtained from messages, feedback databases, and user-profiles. Another instance is the pharmaceutical corporation MSD, which constructed an AI-powered communication platform utilizing Facebook Messenger to host a chatbot concentrated on dealing with urgent concerns in Immuno-oncology. The interaction between the physician and the chatbot is not dependent on the data from electronic-health-records (EHRs). Instead, it is an independent tool specifically designed to provide access to data for solving actual problems.

Another example of AI virtual assistants was mentioned in (Reyes-González Juan Pablo, 2022), SMEAD, a mobile-enabled diabetes monitoring system, monitors and forecasts the patient status, alerts patients of drug intake and tracks various parameters via wearables. The insulin is maintained under appropriate refrigeration conditions, while the dose is supervised in patients who require it. In an emergency, caregivers are notified via social media, such as a skipped dose or high blood sugar levels.

AI-powered systems can streamline billing and coding processes by automating coding assignments, identifying errors, and optimizing reimbursement procedures. AI algorithms can improve accuracy, reduce billing discrepancies, and expedite the billing cycle by analyzing healthcare data and identifying coding patterns. (Zeeshan Ahmed, 2020). 
AI-powered systems can optimize appointment scheduling by considering patient preferences, healthcare provider availability, and resource allocation to minimize wait times and maximize operational efficiency. By analyzing data and patterns, AI helps healthcare facilities schedule appointments efficiently, reduce wait times, and maximize resource utilization, improving patient satisfaction and operational efficiency. Another study mentioned in (Kamlesh Kumar, 2023), an autonomous system capable of reducing the workload of medical triage by gathering patient data and analyzing it using natural language processing (NLP) to assist the patient in selecting a consultant and completing other typically time-consuming tasks inside the hospital.
Healthcare facilities can use AI algorithms and big data analytics to optimize inventory management. These systems analyze supply levels, usage patterns, and demand forecasts to maintain optimal inventory levels, minimize waste, and ensure the timely availability of essential supplies and medications. AI systems can monitor inventory in real-time and generate alerts for restocking or ordering, allowing healthcare facilities to manage their resources and proactively minimize disruptions in care delivery. (Reyes-González Juan Pablo, 2022).
Artificial intelligence (AI) has the potential to revolutionize surgical procedures and improve patient outcomes. AI in surgery involves developing and utilizing intelligent surgical robots with advanced sensors and machine-learning algorithms. (Silvana Secinaro, 2021) These robots can assist surgeons during difficult procedures, such as brain or heart surgery, by providing real-time data analysis, including imaging-scans and vital-signs. The insights and guidance AI-powered surgical robots provide enhance surgical interventions' accuracy and precision.  In surgery, AI-driven surgical robotics can perform semi-automated tasks with increased efficiency, aiming to automate procedures to minimize human error while maintaining precision and accuracy. (Jiamin Yin, 2021) As mentioned, twenty surgical intensivists were asked to utilize and assess MySurgeryRisk for pre-operative risk prediction in a replicated clinical environment. Most respondents said MySurgeryRisk would benefit decision-making and was a simple and valuable tool.
Blockchain can improve operation efficiency in healthcare.
Healthcare systems globally have the challenge of enhancing patient outcomes while addressing operational inefficiencies and rising costs. Conventional approaches to managing healthcare data and processes are frequently disjointed, susceptible to mistakes, and ineffective. Blockchain technology, renowned for its decentralized and unbreakable characteristics, presents optimistic solutions to tackle these concerns.

Blockchain technology can employ cryptographic algorithms to check the expertise and qualifications of healthcare practitioners. This guarantees that the qualifications and credentials of healthcare personnel are securely documented and authenticated on the blockchain. Reputable medical institutions and healthcare companies can record the qualifications and certifications of their personnel on the blockchain. The streamlined verification method aids the healthcare sector in swiftly confirming the credentials of medical experts, resulting in enhanced hiring procedures and workforce management. An example mentioned by (Priti Tagde, 2021), ProCredEx, a company headquartered in the United States, has created a medical credential verification system utilizing the R3 Corda blockchain protocol. This technology improves the authentication and verifying of medical personnel qualifications, enhancing the healthcare workforce's security and effectiveness. 

(Priti Tagde, 2021) BloCHIE is a specialized network that shares healthcare knowledge using blockchain technology. The platform assesses the requirements for exchanging healthcare data, particularly personal-health data and electronic-medical-reports. It also explores the integration of blockchains in different sources to handle various data types. The program integrated on-chain and off-chain authentication mechanisms to ensure the accuracy and confidentiality of the good specifications. There is potential for a substantial enhancement in adopting blockchain technology to give-and-take medical records, guarantee anonymity, and provide protection among clinical-practitioners and healthcare organizations.
Smart contracts facilitate secure and transparent interactions between patients, providers, and insurers, automating processes like insurance claims, consent management, and treatment agreements. Healthcare organizations can use smart contracts on the blockchain to streamline operations, reduce administrative overhead, and ensure compliance with regulations. Maintaining a single source of truth smart contracts and decentralized storage streamline workflows, enhancing data accuracy. Cost savings and optimized resource management in healthcare data handling are possible.
Blockchain technology can transform medical billing by preventing fraud, automating procedures, enhancing data security and privacy, and improving billing accuracy and transparency. By storing transactions in a tamper-proof ledger, blockchain ensures data integrity and security, reducing fraud risks and ensuring accurate billing records. It also provides a transparent audit-trail, allowing healthcare-providers to track the entire lifecycle of billing transactions, thereby increasing accountability and reducing inconsistencies. Blockchain streamlines medical billing by automating procedures through smart contracts, reducing manual errors, and accelerating billing cycles, resulting in cost savings, increased efficiency, and faster reimbursements for healthcare providers. It also enhances security and privacy by encrypting sensitive information and allowing controlled access to authorized parties. Its decentralized storage model distributes billing information across a network of nodes, mitigating the risk of centralized data breaches. Real-time data access for providers, insurers, and patients improves transparency and visibility into billing activities. 

(Ahmed I. Taloba, 2023), Blockchain can benefit the pharmaceutical and medical sectors' supply chain as it eliminates third-party use, records every transaction, and tracks every product movement. This unique feature of blockchain technology stops fraud and data tampering, making it a transparent and secure solution for data protection and stoppage of data breaches.

(Attaran, 2020), argued that pharmaceutical companies face substantial financial losses due to counterfeiting, approximately $200 billion annually. Blockchain offers features like proof of authenticity and effective point-by-point tracking capabilities to fight counterfeit drugs. By leveraging blockchain for drug traceability, stakeholders can verify the authenticity of medications, avoid counterfeit products from flow into the market, and enhance patient safety. (Priti Tagde, 2021) MediLedger is a renowned blockchain platform enabling firms in the prescription drug supply chain to verify the authenticity of medications, including expiration dates and other vital details.
Another use of blockchain mentioned in (Pranto Kumar Ghosh, 2023), specific industries are currently exploring utilizing blockchain technology to identify instances of prescription pharmaceutical fraud. The industries mentioned include HealthChainRx, Scalamed, and Nuco. The blockchain network tracks all transactions about medication prescriptions for all parties involved, including the distributor, patient, manufacturer, physician, and pharmacist. It can identify any alteration in the prescription. The creators of Hyperledger Fabric initiated a project aimed at combating drug counterfeiters by developing a system to detect and prevent the production and distribution of counterfeit drugs. 

Smart contracts allow the automation of various healthcare methods, such as consent management, data-sharing-agreements, and payment transactions. By executing predefined rules and conditions transparently and securely, smart contracts enhance operational efficiency and reduce administrative overhead.
In remote monitoring systems, smart contracts are used to automate detecting and managing health conditions, such as cancerous cells. By incorporating smart contracts, these systems can confirm the legitimacy and secrecy of patient data, enhancing the quality of care provided. Using remote monitoring solutions, where sensors detect patients' vital signs, can benefit from blockchain technology. By securely storing and transmitting data on the blockchain, healthcare practitioners can have better visibility into patients' health, allowing proactive and preventative care. It is mentioned in (Priti Tagde, 2021)  A blockchain-based-telemonitoring-system for remote patients was found to detect and control cancerous cells. The suggested process involves ensuring the validity and secrecy of patient data in substantially upgraded hospitals and outpatient residences by utilizing generally smart contracts and blockchains that can be.
Theme 5: Clinical decision support system

Artificial Intelligence and Machine Learning in Clinical Decision Support Systems

(Anna Markella Antoniadi, 2021) To make evidence-based decisions, Clinical-decision-support-systems (CDSS) play a crucial part in contemporary healthcare by offering doctors tools. In terms of broadness and adaptability, conventional CDSS relies on set rules and protocols, which may have restrictions. By using their capacity to acquire information from data and create predictive models, Artificial Intelligence (AI) and Machine Learning (ML) have the potential to drastically improve the functionality and effectiveness of Clinical-Decision-Support-Systems (CDSS). AI-driven predictive analytics tools are used in healthcare to foresee patient results and disease, identify at-risk populations, and optimize resource allocation. Historical data patterns, clinical variables, and risk factors to predict disease progression, hospital readmissions, and healthcare utilization, enabling proactive interventions and personalized care delivery, are analyzed by the predictive model. These predictive analytic tools support healthcare professionals in making informed decisions.
(Mary H. Stanfill, 2019) Machine learning and deep learning algorithms are applied in medical imaging for image recognition and analysis. AI-powered imaging tools can assist doctors in detecting abnormalities, diagnosing diseases, and interpreting medical images, such as X-rays, MRIs, and CT scans, with high precision and efficiency. An example mentioned in (Partha Sardar, 2019) is Siemens Healthineers, which recently got approval from the Food and Drug Administration (FDA) for TrueFusion. This cardiovascular application combines advanced ultrasound and angiographic images to make locating and guiding healthcare professionals in treating structural heart disease easier. ML-based probe detection and automatic registering updates allow this system to co-register angiographic and echo-images as part of the workflow. This lets clinical teams identify structures in soft tissues that come directly from the joined ultrasound system. TrueFusion can help interventionalists and echocardiographers talk to each other better and better understand where things are in the body during complex treatments. This could mean less contrast, shorter procedures, and less radiation exposure. 

AI systems, particularly ML algorithms, are also recognized for their ability to study diverse healthcare data sets and identify patterns that may indicate likely or forthcoming health conditions. These technologies can assist in detecting conditions such as strokes, hospital readmissions, sepsis, and surgical complications by analyzing relevant symptoms and risk factors, such as neural network algorithms effectively early detecting strokes by analyzing symptoms like paresthesia, acute confusion, vision alterations, and mobility issues. AI algorithms can assess the probability of specific health events based on input data, enabling healthcare providers to intervene proactively. 
There was mention of QRISK®3 in (Priti Tagde, 2021); the ML is a validated risk prediction algorithm used in healthcare to estimate an individual's risk of experiencing a heart attack or stroke within the next ten years. It incorporates various risk factors such as age, systolic-blood-pressure, smoking-status, total-serum-cholesterol, lipoprotein-cholesterol-ratio, body-mass-index, ethnicity, deprivation-measures, family-history, chronic-kidney-disease, muscular-dystrophy, atrial-fibrillation, diabetes-mellitus, and antihypertensive-treatment. Rigorous testing was done to ensure QRISK®3’s accuracy and dependability in predicting cardiovascular risk. QRISK®3 personalized risk valuation helps healthcare providers give targeted interventions based on the patient's unique risk profile, enabling healthcare-professionals to optimize treatment-strategies and improve patient outcomes.

Furthermore, NLP technologies are used in healthcare to pull out insights from unstructured data sources, such as clinical notes, research articles, and patient records. (Filipe R. Lucini, 2021) NLP algorithms can convert it into structured-formats, analyze and interpret free-text data, and extract valuable information for clinical research, population health management, and quality improvement initiatives. Patient data, medical literature, and treatment guidelines are analyzed; these AI-powered tools improve clinical-decision-support-systems and help healthcare providers make evidence-based decisions. To support clinical decision-making, improve diagnostic accurateness, and improve patient results, these systems offer real-time insights, treatment recommendations, and alerts.
The viability of NLP techniques in analyzing radiology reports and devised a rule-based algorithm to detect abdominal aortic aneurysms showcased in a study. The implication of Natural Language Processing (NLP) was discussed in (Kamlesh Kumar, 2023) Using natural language processing (NLP) to obtain keywords related to peripheral arterial disease from clinical narratives. As a result, these were used to differentiate between patients with peripheral arterial disease and those functioning normally. In addition to the documentation of disease-related information, by creating a vocabulary or language-specific database, NLP is being inspected to identify a variety of suicide factors from suicide notes.
AI has a big impact on personalized medicine and making treatments better. AI tools can creäte custom treatment tactics that work well and have less side effects. They do this by looking at each patient's data, like their genes, health history, and how they live. This makes treatments more effective, helps patients improve, and improves healthcare delivery. It also makes diagnoses more accurate and treatments more effective. Machine learning, a type of AI, is also used to make personalized treatment plans. It looks at each patient's information to create specific plans and treatments. By thinking about what makes each person unique, machine learning can help improve treatments, lower the chance of side effects, and help patients get healthier.
Microsoft's Hanover AI technology was mentioned in (Priti Tagde, 2021), a powerful tool for healthcare applications that exploit AI capabilities to analyze and extract insights from medical data. Hanover has the capabilities of data analysis that will enable the determination of patterns and probabilities of events. It also has the function of memorizing medical study papers to gain access to enormous medical knowledge. With its algorithms, Hanover can recognize patient diagnostics or treatments that may be the therapy, projecting potential therapy suggestions from existing information. Hanover can then take the patient’s data and match it up with information from the various publications in medical research to form appropriate therapy to enhance patient care effectiveness. Hanover is a valuable resource for healthcare providers to improve patient care delivery. (Kamlesh Kumar, 2023), It is stated that an artificial intelligence-based system, AI-PRS, seeks to ascertain the optimum medicine doses and combinations for treating HIV through antiretroviral therapy. 
A widely used example of CDSS is software that predicts a patient's future health state to help improve clinical recommendations for patient care and minimize future medical expenses. Individualized treatment plans improve patient management accuracy. NLP employs more extensive data sources that increase the level and relevance of clinical suggestions. Consequently, the utilization of AI in imaging and diagnostic tools also shortens clinical decisions and accelerates the process of early disease diagnosis and intervention.
Blockchain in Clinical Decision Support System
One of the common problems associated with CDSS implementation is that data sources can be distributed or scattered, the systems are not always interoperable, and security issues can occur. The decentralized, tamper-proof nature of Blockchain technology can address these issues, thereby enhancing CDSS’s efficacy and reliability. CDSS is most suitable to be supported using blockchain since it is crucial to keep data accuracy, availability, and security. An analysis of the medical records-sharing process established that blockchain technology can enhance data publication and sharing, ensure data authenticity, and enhance access to secure health information to enhance clinical decision-making.
(Ava Hajian, 2023) They explained how the blockchain technology employed in a healthcare provider’s information sharing can be associated with a patient’s decision to consent, decline to participate, or keep off an EHR system where a patient can choose to participate. It has become visible that patients’ confidence-building acted as a moderator between adopting blockchain-based information systems and intent to participate in respective healthcare provider information systems among patients. Evidence from the empirical work indicates that blockchain information systems enhance patients’ empowerment. Patients have more control of their electronic health records in blockchain EHR schemes; if the patient understands he or she has authority over his/her data and the decisions made for or about him or her, the patient is more motivated to share his/her e-health records in the blockchain-based information-sharing system.
(Pranto Kumar Ghosh, 2023) Blockchain technology is pivotal in protecting the integrity and confidentiality of medical data. Providing a decentralized, immutable ledger secures sensitive information against unauthorized access, tampering, and breaches. Cryptographic techniques uphold data integrity and secure transactions, while smart contracts automate data integrity rules. Supported by access control mechanisms like Attribute-Based-Encryption (ABE) and Identity-Based-Encryption (IBE), allowing data owners to manage access, Elliptic-Curve-Cryptography (ECC) protects medical data and privacy. Blockchain networks also offer pseudonymity, increasing privacy and confidentiality. This technology is a powerful tool for strengthening data security and privacy in healthcare systems. 

Blockchain can securely store and share X-rays, MRIs, and CT scans, enabling more effective access and association among healthcare professionals. Blockchain reduces unauthorized access risk, tampering, or breakings by providing a secure, transparent, and efficient stage for keeping and exchanging medical images. The technology permanently records medical images, guaranteeing their integrity and easing data interoperability between healthcare systems, which improves care coordination and decision-making. By granting secure permissions to providers or specialists, as a result, patients can control access to their medical images. Blockchain maintains a transparent audit trail, offering a comprehensive history of transactions and activities related to medical image sharing. Transfer of medical images and faster access reduce diagnostic and treatment delays, enhancing collaboration, patient outcomes, and healthcare efficiency. A case was mentioned in (Pranto Kumar Ghosh, 2023) Patients can securely and accurately share their medical images. The Radiological Society of North America (RSNA) developed a centralized network system that was implemented in a decentralized manner as the basis for this architecture. The establishment of the Image Share Network (ISN) aimed to tackle the concerns raised by the RSNA networks. These concerns mostly revolve around the need to register photographs securely in repositories for research purposes. Medical images are accessible only with the owner's authorization.

A decentralized and tamper-proof platform for storing and managing electronic health records (EHRs)is possible with the support of the revolutionary technology of blockchain. Patients can have greater control over their health data, while healthcare providers can access accurate and up-to-date information for personalized care delivery. (Pranto Kumar Ghosh, 2023), highlighted a recent blockchain technology: AudithChain, a log control tool that addresses interoperability difficulties and facilitates electronic health information sharing. Hyperledger Fabric and IBM framework help build blockchain-based apps. The application is available via a user interface but requires a Node.js web service. An application was created to monitor audit logs and give authors (e.g., doctors, nurses, and patients) varied access permissions. AuditChain focuses on managing personal health records, allowing patients to access and manage their data. For replication and distribution to network nodes, the ledger stores AuditChain logs.
To enhance clinical decisions by ensuring data integrity, improving interoperability, and protecting sensitive information, the Clinical Decision Support System (CDSS) utilizes blockchain technology. This increases the quality and scope of information available for decision-making, thereby enhancing patient privacy and faith. Also, real-time data access improves the responsiveness and effectiveness of clinical decisions.

Theme 6: Personalized treatment

Artificial Intelligence and Machine Learning in Personalized Treatment
The method of delivering treatment tailors the healthcare interventions for patients by considering factors such as the genetic profile of the patients, their lifestyle, and the environment. There are limitations to traditional approaches of personally tailored treatment due to their requirements for more complex data inputs. AI and ML can keep and examine large amounts of data and subsequently discover complex relations and correlations that can help design individual therapy plans.

With the help of high-throughput genomic sequencing data and integrating AI solutions algorithms with genomic data, ML algorithms can use patient’s specific characteristics, including genetics, life profile, and personal diseases, to search for therapies for individual patient requirements. Also, applying the ML predictive algorithm technology in healthcare can give the healthcare provider an idea about the treatment outcome. In this regard, this particularism in dealing with the patients can improve the success rate of procedures, decrease negative impacts, and increase the level of satisfaction among patients. 
A case study was mentioned in (Zuzanna Angehrn, 2020) A Dutch-based medical machine learning company called Pacmed has created a Clinical Decision Support System (CDSS) that can help clinicians prescribe medicines to patients with Urinary Tract Infections (UTIs). Standard of care criteria extrapolated from RCTs are often insufficient partly because of the exclusion criteria used in this kind of research, hence, the need for a more diversified study population. To address this problem, Pacmed’s Clinical Decision Support System(CDSS) incorporates Machine Learning (ML) to generate a specific therapy plan for every individual in the target population. 

 This is a list of challenges that one must consider when designing the Clinical Decision Support System (CDSS). It is challenging to get a big dataset from small medical practices; therefore, a collected dataset obtained from the Dutch healthcare research group, NIVEL, is used in this research. Therefore, interacting with a trustworthy third party ensures privacy since patient data is protected through anonymization. Moreover, introducing the new Clinical Decision Support System (CDSS) implies thorough assessment and accreditation at the level of the healthcare system. The system is now in the process of validation in an implementation pilot study of 120 practices. The objectives of this work are to determine the external validity of the system under investigation and determine how usable the system is. In the light of the success of this study, developers are applying for CE marks for medical devices in the European Union.  
Another obstacle in this development is incorporating the new system into preexisting healthcare software practitioners utilize. Complete integration during a pilot study is frequently unfeasible, resulting in a less-than-optimal user experience. As a result, the pilot study is carried out simultaneously with the current software, necessitating registration information in both systems. The results from the pilot research must be modified to accommodate the obstacles to usage that were present in the pilot study but not in the actual implementation of the system. This guarantees a more precise evaluation of usability, real-world usage, and influence before the product's launch to the market.
Blockchain in personalized treatment

(Yi XIE, 2021) Mentioned the proposed idea that integrating blockchain with AI can provide personalized treatment in healthcare. Mixing AI and blockchain technology enables the segmentation of cardiovascular disorders diagnosis and treatment into two distinct components. The initial phase involves using advanced machine learning techniques to set up a dispersed storage database and clean data within a specific timeframe. This process combines scattered information and maximizes data utilization by training the software model on historical medical data. The second step involves doing a comparison analysis and evaluating the efficacy of the smart algorithm model in the context of cardiovascular disease. Blockchain enables tracking distinct blocks (records) and analyzing detailed data. Integrating blockchain and AI can bring about complementary benefits at the technical level. This integration can enhance personalized cardiovascular treatment quality by significantly increasing data availability for AI development and training. It can also facilitate the sharing of proprietary algorithms for promotion, decentralize databases from various providers or medical systems, and incentivize the development of solutions that outperform other providers or medical systems. Implementing the integrated system will enhance cardiovascular disease management's efficiency and ease of use while significantly improving patients' knowledge. Consequently, compliance with drug use and the effectiveness of anti-coagulants will be enhanced, gradually decreasing the likelihood of a severe stroke.
Theme 7: Personalized medicine
Artificial Intelligence and Machine Learning in Personalized Medicine

Personalized medicine intends to tailor healthcare intrusions by utilizing specific patient data, such as genetic information, medical history, lifestyle, and environmental factors. The difficulty and magnitude of the data involved frequently constrain conventional approaches to customizing medicine. The field benefits significantly from the breakthroughs provided by AI and ML technologies, which can efficiently handle and analyze vast amounts of data and reveal concealed patterns.
AI makes personalized treatment possible by analyzing patient data like genetic information, medical history, and treatment reactions to make therapies fit each person's needs. AI systems can help patients improve by suggesting the best treatment plans, dosage changes, and therapeutic interventions based on predictive models and precision medicine techniques. 

An example mentioned in (Shuroug A. Alowais, 2023), is implementing AI in personalized medicine. CURATE.AI is an artificial intelligence-based platform that powerfully uses individual patient data to optimize chemotherapy doses. A study confirmed the effectiveness of this technique in patients with advanced solid tumors who were treated with three different treatment plans. CURATE.AI created customized doses for future treatment cycles by analyzing the relationship between changes in chemotherapy dosage and tumor marker readings. The technology has shown promising advantages in decreasing chemotherapy dosage and enhancing patient response rates.
Theme 8: Technological integration in healthcare

Various technological integrations are taking place in research and healthcare; some are in the pilot stage, some are being proposed as a framework or architecture, and some are being implemented.

IoT, wearables, and blockchain integration 
(Abdulatif Alabdulatif, 2022) Improving data security and privacy in healthcare systems is possible when blockchain is combined with wearable sensing devices. Utilizing blockchain technology's decentralized and unchangeable characteristics, healthcare organizations may enhance patient data security, medical records, and health information collected by wearable sensors and IoT devices. Blockchain technology guarantees data integrity, security, and traceability, minimizing the likelihood of not permitted access, breaches, and tampering with critical healthcare information.

(Yi XIE, 2021) The combination of blockchain and wearable technology improves continuous glucose monitoring. Wearable technology enables remote monitoring and timely notification of patients in potential emergencies. Furthermore, a blockchain-based incentive system called GlucoCoin was developed to encourage users to contribute new data.

IoT, wearables, AI, and ML integration
The combination of IoT in healthcare empowers the collection and exchange of biometric data from patients to healthcare providers via lightweight devices. When combined with AI, IoT facilitates intelligent healthcare functions, cost optimization, improved patient care, and remote patient monitoring. IoT devices linked to AI systems can monitor equipment usage, predict failures, optimize utilization, and enhance operational efficiency. AI with IoT data enhances inventory management, supports remote patient monitoring, and enables predictive analytics to detect early health deterioration and recommend proactive interventions.
(Yi XIE, 2021) A study mentioned that wearable cardioverter defibrillators equipped with AI technology could help prevent sudden cardiac arrest outside the hospital until the implantable defibrillator can be re-implanted. These wearable devices are made using textiles and are designed to provide continuous monitoring and intervention. Another study has developed a nanofiber sport-vest polymer with a conductive layer to create ECG electrodes that make direct contact with the body. This system enables real-time display of ECG data through an accompanying app while also collecting health data to enhance user comfort and reduce the risk of allergies. Additionally, doctors can remotely monitor the physiological data collected through these devices to monitor heart health and detect any potential issues.

Cloud computing, AI, ML, blockchain integration
Cloud computing offers scalability and flexibility to healthcare organizations by providing on-demand resources and services. Integrating AI with cloud infrastructure allows healthcare providers to scale AI applications based on workload, manage peak demands, and adapt to changing needs. This scalability and flexibility optimize resource use, improve operational efficiency, and reduce costs. Cloud technology revolutionizes healthcare by fostering collaboration, enhancing accessibility, improving response times, and delivering personalized care. It addresses above-average functioning costs, security, privacy, and centralized data storage. Edge and fog computing reduces latency between wearable devices and healthcare providers by enabling local data processing, minimizing transmission delays, and improving response times for critical care. These technologies enhance remote monitoring, strengthen patient engagement, and optimize service performance, ensuring quick data transmission and efficient decision-making.
The case study of the Combination of blockchain, AI, and cloud computing mentioned in (Abdulatif Alabdulatif, 2022) The COVID-19 pandemic has led to a significant shift in healthcare, focusing on vaccination. A researcher has suggested a fog and blockchain-based global vaccination scheme to streamline decision-making and improve communication between healthcare providers and patients in IoT-based healthcare. The system addresses task scheduling challenges using cloud computing and swarm intelligence algorithms, such as delayed data transmission. Regarding waiting time, make-span, and resource utilization, ensuring efficient and effective vaccination during this critical period the proposed model outperforms baseline models.

VR and AR in healthcare
Both VR and AR are helping interventional cardiology to make a transition and evolve from the traditional two-dimensional flat images and models to an environment with installed three-dimensional images of cardiac anatomy and pathology. These technologies improve training and education, offering interventional cardiologists a simulated environment for procedure practice and skill improvement. They also give an extra visual perspective, in which the team can observe fine physical construction, location of the device, and procedural procedure in real-time. These simulations can mimic procedures, for instance, coronary angioplasty or structural heart interventions, without any danger of applying the operational procedures to the patients. Concerning interventional procedures, remote collaboration of the healthcare teams beneficially impacts the decision-making and patients’ treatment outcomes. 
 As mentioned in (Partha Sardar, 2019), Echo Pixel and SentiAR are a start-up company embracing innovative VR and Augmented Reality healthcare solutions. True 3D by Echo Pixel allows clinicians to virtually direct the anatomy of each patient to design therapy and to minimize their stress before a procedure. SentiAR’s AR technology gives interventional cardiologists patient-specific anatomical overlays and procedural guidance enabling better visualization and decision making during their treatments.
Surgery robot and AI and ML integration
It is more expensive to perform traditional surgeries in the healthcare sector because separate professionals have to be hired and examined at the cutting edge. Robotic surgeries backed by AI technologies are obviously capable of lowering overall costs due to higher accuracy and faster processes, resulting in fewer adverse effects and a minimum period of rehabilitation. ER uses surgical robots, which can also benefit patients by reducing errors and surgery complications and producing accurate surgeries. Additionally, AI-supported robotic surgeries can increase efficiency by reducing surgical queue sizes and enabling hospitals to attend to more patients daily. This results in a win-win condition for patients and hospitals, as patients benefit from improved surgical outcomes, reduced risks, and potentially lower costs. In contrast, hospitals can optimize resources and provide better care to more individuals. AI-supported robotic surgeries represent a promising solution for advancing surgical techniques and improving patient care in specific medical procedures.
A study mentioned in (Kamlesh Kumar, 2023) Robot-assisted-laparoscopic-prostatectomy is expected to become common in the US, especially in urology. Studies competing robot-assisted-laparoscopic-prostatectomy to open and laparoscopic radical prostate surgery have shown that RALP (robot-assisted laparoscopic prostatectomy) operations result in reduced blood loss and shorter hospital stays. They also have lower readmission rates, injury of nerves, and re-operations associated with LRP (laparoscopic radical prostate prostatectomy) and higher rates of continence and sexual function recovery. Research has also shown that RALPs are more successful and cost-efficient, making them a promising option for patients and hospitals. European researchers have found many uses for robotic surgery, particularly RALP, indicating its growing importance in healthcare.
Another example (Partha Sardar, 2019) mentioned is that the Pioneering medical technology company Corindus Vascular Robotics develops robotic-assisted devices for minimally invasive vascular surgeries. The company's flagship device, the CorPath GRX System, helps interventional cardiologists and vascular surgeons conduct complicated procedures more precisely and controllably. The CorPath GRX System uses robotics to manipulate guidewires and catheters during coronary angioplasty and stent insertion. The robotic assistance intends to increase procedural precision, reduce radiation exposure for healthcare workers, and improve patient outcomes by enabling more precise and consistent interventions. That is why the CorPath GRX System is equipped with the “Rotate on Retract” function, which rotates the guidewire when the operator retracts it. Pre-clinical studies also reveal that this automation can reach the desired lesion faster and, in less time, than the procedure. Corindus Vascular Robotics started robotic intervention in cardiology and vascular medicine. Its latest innovations in the market are designed to enhance minimally invasive operation effectiveness, safety of the patient, and clinical results.
UAV (Unmanned Aerial Vehicle)

To address medical emergencies, deliver supplies, and provide remote healthcare services AI and UAV technology are integrated into healthcare. Medical supplies, equipment, and medications to remote or disaster-affected areas can be transported by AI-powered UAVs, improving emergency entry to critical healthcare resources. This integration optimizes supply chain management, reducing delivery times and ensuring the availability of essential medical supplies. AI algorithms can support remote healthcare services, allowing healthcare professionals to provide telemedicine consultations, analyze patient data, and facilitate remote diagnostics and treatment recommendations. AI-enabled UAVs can be momentous in disaster response and relief efforts, coordinating and providing medical aid and rescue operations. UAVs can take environmental data, monitor disease outbreaks, and track population health indicators, producing insights for public health surveillance, epidemiological studies, and healthcare planning.
Case study of combining AI, VR, IoT, and blockchain in UAV mentioned in (Abdulatif Alabdulatif, 2022), authors studied the importance of drone technology in addressing the global increase in coronavirus disease. Other researchers observed a range of potential technologies, including edge-computing IoT, DL, and virtual-reality (VR), to reduce the effect of the coronavirus illness. Furthermore, they have concentrated on the gains and constraints of implementing drone technology in the healthcare sector. Another research employed blockchain technology to set up a secure and durable outside delivery system for healthcare 4.0, utilizing unmanned aerial vehicles (UAVs). to confirm the safety of the medical supplies during the outdoor distribution procedure was their primary objective. They achieved this by doing a security examination utilizing the MyThril security tool. In addition, another author successfully integrated the Internet of Things (IoT) with unmanned aerial vehicles (UAVs) to create wireless body area networks (WBANs) designed explicitly for healthcare applications. Various sensors have been evaluated to facilitate efficient and accelerated communication between patients and healthcare professionals through UAVs, particularly in emergencies.
AI, ML, and blockchain integration
Integrating blockchain and AI has revolutionized healthcare by improving security and efficiency. Blockchain secures data through ledgers and automates analysis, while AI algorithms analyze health data, providing timely updates to stakeholders. This combination enhances information security, fosters trust in decisions and accelerates data availability for AI training. The convergence advances personalized medicine, particularly in cardiovascular fields, and ensures secure, immutable data storage and exchange, enhancing the reliability of AI-driven healthcare data management. Blockchain securely stores extensive datasets, including medical and Electronic Health Record data, and can decentralize and expedite biomedical research and drug discovery. Deep learning aids in diagnostics, cellular image analysis, drug classification, and discovery, while blockchain ensures data integrity and streamlines drug discovery through secure management and analysis. It supports transparent, traceable transactions, enhancing collaboration among researchers, institutions, and stakeholders. Integrating blockchain with Machine Learning streamlines healthcare processes, automates tasks, and improves operational efficiency.
An example of blockchain and ML and AI integration mentioned in (Reyes-González Juan Pablo, 2022) ExplorerChain, a combination of artificial intelligence and blockchain technology, enhances the security and reliability of healthcare/genomic datasets. It uses decentralized networks to regulate computational resources, create an immutable audit trail, and prevent single-point failures. CloudBurst improves genome mapping scalability and parallelization, while ExplorerChain provides enhanced security by avoiding single-point failures and providing a secure trail. Despite slightly increasing running time compared to central server-based algorithms, ExplorerChain offers similar discrimination power.

XAI integrated with ML and AI

Explainable AI (XAI) is a transformative technology that enhances belief and acceptance in healthcare by providing transparent clarifications for AI-driven decisions and actions. It helps healthcare providers, clinicians, and patients better understand and believe AI systems' decisions. Benefits of XAI include enhanced trust, improved clinical-decision-making, fault detection and bias mitigation, patient engagement and education, regulatory compliance and ethical standards, and continuous learning and model improvement. Clinicians are more likely to trust AI-driven diagnostic tools and treatment suggestions when they understand the basis behind the AI's decisions. XAI aids in identifying errors, biases, and inconsistencies in AI models, ensuring fair and equitable healthcare delivery across diverse patient populations. It promotes patient engagement and education by explaining AI-driven diagnoses, treatment plans, and health recommendations clearly and understandably, leading to increased trust in the healthcare system and improved adherence to treatment regimens. XAI supports regulatory compliance and ethical standards, ensuring AI systems adhere to privacy regulations, data security standards, and ethical guidelines for responsible AI deployment. It facilitates continuous learning and model improvement, enabling healthcare providers to analyze and interpret AI-generated explanations, refine AI models, update algorithms, and enhance AI-driven healthcare applications' overall performance and reliability.
(Anna Markella Antoniadi, 2021) Mentioned a software tool called HistoMapr-Breast, enabled with XAI (Explainable Artificial Intelligence) and developed for analyzing breast core biopsies. HistoMapr-Breast provides an automated preview of breast core entire slide images and identifies the areas of interest to quickly display the important diagnostic sections in an interactive and comprehensible way. The HistoMapr-Breast application can provide pathologists with a reliable and accurate explanation interface.
Discussion
The findings from the thematic analysis show that AI and ML have opportunities to improve healthcare by assisting healthcare professionals in identifying diseases faster and with high diagnostic accuracy, allowing doctors to make informed decisions. An increase in efficiency in terms of operation and cost is another opportunity for AI and ML in healthcare, as there are emerging AI and ML models to accelerate doctors in their clinical documentation and administrative tasks, such as referencing. (Bertalan Meskó, 2023), Microsoft-owned Nuance and French startup Nabla are integrating ChatGPT into their services, demonstrating widespread implementation in medical companies and digital health services. Nuance has integrated GPT-4 AI into its medical note-taking tool, while Nabla developed a GPT-3 tool for physicians to assist in paperwork. Personalized medicines, treatment, remote monitoring, and telemedicine are future implications of these technologies, as several case studies and research show how the CDSS models can tailor treatment and medicine strategies based on individual patient’s information. 
On the other hand, the COVID-19 pandemic demonstrated that telemedicine and remote health monitoring are possible with AIoMT (Artificial Intelligence of Medical Things), wearables, IoT, and UAV, another future opportunity and implication of these technologies. Moreover, this analysis and study reveal that education in AI and ML may be integrated into the curriculum of medical studies. (Aizhan Tursunbayeva, 2023) To incorporate AI into the field, healthcare professionals must learn new skills, competencies, and knowledge relevant to AI technology. Job requirements for skill improvement encompass training in artificial intelligence (AI) systems, data analysis, and interpretation of AI-generated insights. Healthcare personnel may require further training or education to enhance their proficiency in utilizing AI technologies, adapt to technological improvements, and stay updated on the most successful approaches in AI-driven healthcare environments.
Bridging patients' knowledge gaps is another future implication of generative AI Bard and ChatGPT, two sophisticated large language models (LLMs) that have become highly popular due to their capability to offer personalized treatment plans. These chatbots are used in clinical documentation, discharge summaries, and insurance pre-authorization. They assist physicians in diagnosing conditions using medical records, images, and lab results. Patients can gain more autonomy by receiving tailored assessments of their data, symptoms, and concerns, improving their overall experience with LLMs.
(Sandeep Reddy, 2019), potential biases in AI models pose safety concerns in healthcare, affecting patient privacy and trust due to the autolearning capability of AI software, which may not align with current care delivery models. As a result, regulatory challenges arise. Lack of transparency and unclear medicolegal guidelines also pose challenges, along with the need for more explainability of some algorithms, leading to potential barriers to AI entry and unsafe practices. Soon, new rules, guidelines, and regulations may be implemented for using AI in healthcare is one of the future implications. 
Utilizing Machine Learning in clinical research and evidence-based medicine will stimulate innovation and enhance healthcare outcomes. Machine learning algorithms examine data from clinical trials, medical literature, and patient outcomes to produce valuable information, detect trends in therapy, and assist in making evidence-based decisions. The progression of clinical research methodologies, the accelerated introduction of medical breakthroughs, and the improvement of healthcare interventions' quality through data-driven study are the future implications of ML.
Enhancing data security, improving interoperability, and streamlining processes allow opportunities for Blockchain technology to reform the healthcare sector. Enhanced data security and privacy, decentralization, encryption, and access control, unified medical records, efficiency in the management of supply chain, streamlining clinical trials and research, empowered patients and personal health records, enhanced telemedicine and remote monitoring, secure data transmission, automated payments, and fraud prevention in medical billing and claims processing are the blockchain’s future implications.

Insurance claims processing, reducing administrative costs, and facilitating personalized policies based on individual health data can be automated by a smart contract. Accessing real-time data allows healthcare providers to retrieve real-time patient data, in the lead to more accurate diagnoses and customized treatment plans. For new insights and innovations in medical treatment, data-driven research can use aggregated, anonymized patient data.

Secure data transmission and automated payments enable smart contracts to revolutionize telemedicine consultations. Transparency and efficiency in financial transactions, reducing medical billing and claims processing fraud can be provided by these contracts. Blockchain's unchanging ledger ensures data integrity, reducing fraud. Smart contracts accelerate the processing cycle, reducing administrative costs through Automated claims verification. 

Streamlining patient recruitment and consent, ensuring immutable records is possible by the blockchain. Drug traceability, tracking the entire lifecycle of pharmaceuticals from manufacturing to distribution, eliminating counterfeit drugs, and providing medication authenticity can be possible with the help of blockchain. The technology enables real-time tracking of medical supplies, optimizes inventory management, reduces wastage, and ensures the timely availability of essential items.

Global health initiatives and research collaborations can benefit from cross-border data sharing. Public health monitoring can enhance the monitoring and tracking of public health data, improving responses to health crises.

However, blockchain faces scalability issues, regulatory compliance, interoperability standards, and data privacy concerns. Scalability issues involve the need to handle large volumes of data efficiently, while regulatory agreement ensures that blockchain solutions abide by healthcare guidelines such as HIPAA and GDPR. Interoperability standards require developing and adopting universal standards for blockchain implementation in healthcare to ensure compatibility across systems.

Data privacy concerns remain critical. While blockchain enhances security, ensuring the privacy of patient data, particularly in how it is anonymized and shared, remains a crucial concern.

Although research and cases are showing promising results, some of the healthcare industries and countries are realizing the potential of this technology. According to (Pranto Kumar Ghosh, 2023) Estonia's GovTech initiative integrates emerging technologies to enhance the governmental process and improve healthcare security. Blockchain technology enhances healthcare data preservation and management, providing safety, immutability, and expandability without third-party involvement. It also enhances audibility, privacy, and potential cost savings, suggesting that most healthcare sectors may use this technology soon.
However, successful implementation requires overcoming technical, regulatory, and ethical challenges. With continued innovation and stakeholder collaboration, blockchain can significantly give an additional efficient, secure, patient-centered healthcare system.
Limitation
During this thesis, it was noted that finding articles for a literature review that analyze these technologies is limited. Due to the early stages of development, the practical implications and real-world case studies could be more extensive. There are only a few case studies related to ML and AI applications in healthcare, particularly in cancer diagnosis and treatment. Additionally, there is a need for more cases relating to using blockchain in healthcare.

Conclusion

Utilizing AI, ML, and blockchain technology presents substantial prospects for modernizing the U.S. healthcare industry by improving patient care, optimizing operational efficiency, and ensuring data security. As these technologies progress, they can solve many of the problems encountered by the healthcare system and establish a more efficient, impactful, and patient-focused approach to healthcare. To fully harness the potential of these technologies, it is necessary to prioritize future research and investment while also giving due attention to ethical considerations and regulatory compliance.
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