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ABSTRACT— 

 The management of Electronic Health Records (EHR) plays a crucial role in the modern healthcare landscape, where secure and efficient handling of patient data 

is paramount. Traditional EHR systems often grapple with challenges such as data tampering, unauthorized access, and centralized control, which can lead to 

breaches of sensitive health information. Blockchain technology, with its decentralized, immutable, and transparent attributes, offers a transformative solution for 

creating tamper-proof EHR management systems. This review paper delves into the application of blockchain technology in securing EHRs, providing a 

comprehensive analysis of its potential to enhance data integrity, security, and privacy. 

The paper explores various blockchain frameworks and models tailored for healthcare, examining their architecture, functionality, and effectiveness in mitigating 

common security vulnerabilities. Key aspects such as data immutability, decentralized access control, and cryptographic protections are discussed in detail. 

Furthermore, the review addresses the implementation challenges of blockchain in healthcare, including scalability, interoperability, regulatory compliance, and 

the need for user-friendly interfaces. By evaluating case studies and recent advancements, the paper highlights the real-world applications of blockchain in EHR 

management, showcasing its ability to streamline processes, reduce administrative overhead, and improve patient outcomes. The review also considers the future 

prospects of blockchain technology in the healthcare sector, emphasizing the ongoing research and innovations that could further solidify its role in creating secure, 

efficient, and patient-centric EHR systems 

Index Terms- Blockchain Technology, EHR system, Cryptography, Data tampering. 

I. Introduction 

The digitization of healthcare records has significantly transformed the management and accessibility of patient information. Electronic Health Records 

(EHR) have become a cornerstone of modern healthcare systems, enabling improved patient care, streamlined operations, and enhanced data analytics. 

However, with the increasing reliance on digital records, concerns regarding data security, privacy, and integrity have also emerged. Traditional EHR 

systems, often centralized, are vulnerable to data breaches, unauthorized access, and tampering, which can compromise patient confidentiality and the 

accuracy of medical information. 

 

Fig. 1. Electronic Health Record System 

Blockchain technology has gained considerable attention as a potential solution to these challenges due to its inherent features of decentralization, 

immutability, and transparency. Originally developed to support cryptocurrencies, blockchain has found diverse applications across various industries, 
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including healthcare. By distributing data across a network of nodes and securing it with cryptographic techniques, blockchain ensures that once 

information is recorded, it cannot be altered or deleted without consensus from the network. This makes blockchain an ideal candidate for managing 

sensitive health-care data, where the authenticity and integrity of records are critical. 

This review paper explores the integration of blockchain technology in developing tamper-proof EHR management systems. It aims to provide a 

comprehensive analysis of the current state of research and implementation, highlighting the advantages of blockchain over traditional methods, as well 

as the challenges and limitations that must be addressed. By examining various blockchain-based models and their applications in healthcare, this paper 

seeks to shed light on the transformative potential of blockchain in enhancing the security, privacy, and efficiency of EHR systems. 

II. Related work 

A. Systematic Assessment of the Interoperability Requirements and Challenges of Secure Blockchain-Based Electronic Health Records 

Several studies have explored the integration of blockchain technology in managing Electronic Health Records (EHRs), with particular attention to 

addressing interoperability challenges. One notable contribution is the systematic review by [1], titled ”Systematic Assessment of the Interoperability 

Requirements and Challenges of Secure Blockchain-Based Electronic Health Records.” This review provides a comprehensive analysis of 18 blockchain-

based solutions aimed at enhancing the interoperability of EHR systems. The paper utilizes a peer-to-peer (P2P) decentralized network to facilitate secure 

information sharing while maintaining privacy, integrity, and security standards. The authors systematically categorize the interoperability challenges in 

EHR management, such as reliability, privacy, integrity, data sharing, and adherence to standards. By employing a six-phase research methodology 

comprising research question formulation, research phase, article selection, abstract-based keyword identification, data extraction, and progress tracking 

the review offers a structured approach to evaluating relevant literature. 

Key findings from the study include the identification of best practices and standards for blockchain-based EHR systems, along with a detailed discussion 

of their implementations and the challenges they face. The review also highlights the limitations of current solutions, emphasizing the need for improved 

reliability and data sharing mechanisms. The use of comprehensive databases like Google Scholar, Web of Science, and IEEE to select relevant articles 

underscores the systematic nature of the research. This study provides valuable insights into the current state of blockchain-based EHR interoperability, 

contributing to the broader understanding of how blockchain can be utilized to overcome prevalent challenges in healthcare data management. Its findings 

are directly relevant to our proposed model, which aims to further enhance the interoperability and security of EHR systems through innovative blockchain 

solutions. 

B. Effect of Quantum computing on Blockchain-based Electronic Health Record Systems 

The application of blockchain technology in Electronic Health Records (EHR) has been extensively studied, with a focus on improving data security, 

integrity, and interoperability. A significant contribution to this field is the study by [2], titled ”Effect of Quantum Computing on Blockchain- based 

Electronic Health Record Systems.” This paper explores the dual impact of blockchain on EHR management and the emerging challenges posed by 

advancements in quantum computing. The study emphasizes the role of blockchain in addressing key vulnerabilities in centralized and cloud-based EHR 

systems, such as susceptibility to security breaches and unauthorized data modifications. Blockchain’s immutability and privacy features are highlighted 

as crucial for enhancing the reliability and efficiency of healthcare record management. The paper further discusses the potential of blockchain to improve 

interoperability, enabling better availability and collaboration across healthcare systems. 

However, the paper also brings to light the potential risks introduced by quantum computing advancements. Quantum computers, with their superior 

computational capabilities, pose a significant threat to traditional cryptographic algorithms used in blockchain. The study reviews how quantum 

computing could undermine the security assumptions of blockchain-based EHR systems, potentially compromising their reliability. This research is 

particularly relevant to our work, as it underscores the importance of considering future technological developments, such as quantum computing, when 

designing secure and resilient blockchain-based EHR systems. It also highlights the need for ongoing research into quantum-resistant algorithms to 

safeguard the long-term security of these systems. 

C. Blockchain based EHR system architecture and the need of blockchain in healthcare 

Blockchain technology has emerged as a transformative force in various industries, with healthcare being a particularly promising field due to its need 

for secure, patient- centric data management solutions. The study by [3], titled ”Blockchain Based EHR System Architecture and the Need of Blockchain 

in Healthcare,” provides a comprehensive review of blockchain’s potential in revolutionizing Electronic Health Records (EHR) systems. The paper 

highlights the inherent challenges of traditional EHR systems, such as centralized data management, vulnerability to security breaches, and difficulties in 

ensuring privacy and compliance with regulatory standards. Blockchain’s decentralized and cryptographic nature offers a solution by facilitating trustless, 

secure data exchange among healthcare stakeholders, reducing the risks associated with centralized control. 

The study delves into the architecture of blockchain- based EHR systems, emphasizing their ability to enhance data integrity, security, and interoperability. 

By leveraging blockchain, healthcare systems can achieve a more robust framework for managing patient data, fostering greater trust and collaboration 

among various stakeholders, including patients, providers, and regulators. This research underscores the critical role of blockchain in addressing the 

limitations of current EHR systems and lays the groundwork for further exploration into its practical applications in healthcare. Its insights are particularly 

relevant to our work, as they provide a foundational understanding of the need for blockchain in healthcare and inform the design of our proposed 

blockchain- based EHR model. 
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D. EHRChain: A Blockchain-Based EHR System Using Attribute-Based and Homomorphic Cryptosystem 

Addressing the critical issues of secure storage, reliable sharing, access control, and privacy in healthcare data management is a major challenge in the 

industry. The study by [4], titled ”EHRChain: A Blockchain-Based EHR System  Using Attribute-Based and Homomorphic Cryptosystem,” proposes a 

novel solution, EHRChain, to tackle these challenges. The paper introduces a blockchain-based EHR system that integrates InterPlanetary File System 

(IPFS) for secure, high- capacity data storage and sharing. One of the standout contributions is the development of a cryptographic primitive named 

SHDPCPC-CP-ABE, which enhances attribute-based encryption (ABE). This improved cryptosystem allows for semi- policy hiding and dynamic 

permission changes, providing a more flexible and secure access control mechanism. 

Additionally, EHRChain incorporates the Paillier cryptosystem with optimized parameters to ensure privacy protection during medical insurance claims. 

This homomorphic encryption approach allows computations on encrypted data, ensuring that sensitive patient information remains confidential even 

during processing. The study’s experimental results demonstrate that EHRChain offers superior performance compared to traditional CP-ABE systems, 

with reduced processing time for policy changes and increased security against chosen plaintext attacks. These advancements position EHRChain as a 

high-performance blockchain-based EHR solution with robust privacy and access control features. This work is highly relevant to our research, as it 

showcases how advanced cryptographic techniques can be integrated with blockchain to enhance the security and efficiency of EHR systems. The 

proposed methods in EHRChain provide valuable insights into designing secure, scalable, and privacy-preserving healthcare data management solutions. 

E. PcBEHR: patient-controlled blockchain enabled electronic health records for healthcare 4.0 

The shift towards a more decentralized, patient-centric approach in healthcare data management has gained significant attention with the rise of blockchain 

technology. The study by [5], titled ”PcBEHR: Patient-Controlled Blockchain Enabled Electronic Health Records for Healthcare 4.0,” presents a 

blockchain-based solution for Electronic Health Records (EHR) that empowers patients with control over their medical data in the context of the emerging 

Healthcare 4.0 era. The paper emphasizes the importance of patient ownership over healthcare data, which is often scattered across multiple systems, thus 

hindering data exchange and posing risks to privacy. In contrast to traditional EHR systems, which are centralized and prone to security vulnerabilities, 

the proposed Patient- Controlled Blockchain Enabled Electronic Health Records (PcBEHR) ensures a decentralized, immutable, and transparent system, 

offering patients greater trust and control over their health information. 

The solution integrates decentralized Interplanetary File Storage (IPFS) to store medical data securely, allowing for easy access, sharing, and management. 

The study evaluates the performance of the system based on two key criteria: cost and accuracy. This approach demonstrates how blockchain can offer 

reliable, secure, and auditable health data management while reducing risks associated with centralized control. This work is highly relevant to our study, 

as it presents an innovative approach to patient-controlled healthcare data management using blockchain. The decentralized nature of PcBEHR aligns 

with our focus on enhancing the security, interoperability, and privacy of EHR systems. Its emphasis on patient empowerment and transparent, auditable 

record-keeping offers valuable insights for further development of blockchain-based EHR models. 

III. Proposed Model 

This system architecture illustrates blockchain technology which could enhance the security, integrity, and transparency of patient medical records within 

a cloud-based Electronic Health Record (EHR) management system. 

 

Fig. 2. System Architecture 

The process begins with users, including doctors and nurses who interact with the system by sending patient medical records for processing. The 

administrator and patient can control access to the medical data. These records are first transmitted to a Blockchain Handshaker, which acts as a 

middleware layer that contains the implementation of a blockchain wrapper. The handshaker’s primary role is to prepare the medical transaction data and 

forward it to the Public Blockchain Network. In the blockchain network, the data undergoes verification using smart contracts self-executing agreements 

that ensure predefined rules are met before transactions are validated. The blockchain verifies the authenticity and integrity of the medical transactions, 
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ensuring they are secure and tamper-proof. Once the verification is complete, the blockchain sends an acknowledgment back to the Blockchain 

Handshaker, confirming the transaction’s validity. 

Simultaneously, the verified patient records are updated in the Cloud Database via the Cloud-based EHR Management System, which serves as a 

centralized storage platform for easy retrieval and management of patient data. The integration of the distributed ledger, represented by the blockchain, 

ensures transparency, as every transaction is immutably recorded across all participating nodes in the network. This setup eliminates the risk of data 

tampering and enhances trust among healthcare providers. By leveraging blockchain technology and cloud infrastructure, the system achieves a high 

level of data security, streamlined verification processes, and improved accessibility to medical records, thereby addressing the critical challenges of 

managing sensitive healthcare data in modern healthcare systems. 

 

Fig. 3. Sequence Diagram 

This diagram represents a sequence of events illustrating how a transaction flows through a blockchain-based system integrated with a cloud database. 

The process involves four key components: User Application, Blockchain Handshaker, Public Blockchain Network, and Cloud. 

User Application Sends Initial Transaction (T1) 

The user initiates a transaction (T1), such as submitting medical records, through the user application. This request is sent to the Blockchain Handshaker 

for processing. 

Blockchain Handshaker Generates Transaction (Tx) 

The Blockchain Handshaker processes the initial transaction and converts it into a blockchain-compatible format (Tx). This step involves wrapping the 

transaction with metadata necessary for blockchain validation, such as digital signatures and timestamps. 

Blockchain Handshaker Sends Transaction for Validation The formatted blockchain transaction (Tx) is sent to the Public Blockchain Network for 

verification. 

Validates the Transaction Using Smart Contracts 

The blockchain network employs smart contracts to validate the transaction. Smart contracts are programmed rules that ensure the transaction meets 

predefined conditions, such as authenticity and data integrity. 

Blockchain Network Mines the Transaction to Add It After validation, the transaction is added to the blockchain ledger through a mining process, 

ensuring it is permanently and immutably recorded. 

Validation Acknowledgment Sent Back to Handshaker Once the transaction is verified and recorded, the blockchain network sends an 

acknowledgment to the Blockchain Hand- shaker, confirming the successful completion of the process. Validated Transaction is Sent to the Cloud 

The Blockchain Handshaker forwards the validated transaction to the Cloud, ensuring the data is accessible and usable for other systems. 

Cloud Stores the Transaction Data in a Cloud Database 

Finally, the cloud system stores the validated transaction in its Cloud Database for secure storage, easy retrieval, and integration with healthcare 

applications. 
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This sequence ensures that transactions are secure, transparent, and immutable while integrating blockchain’s reliability with the scalability and 

accessibility of cloud storage. 

IV. CONCLUSION 

This review paper has explored the integration of blockchain technology into Electronic Health Record (EHR) systems, focusing on the significant 

challenges faced in ensuring data security, interoperability, privacy, and integrity within health- care. The related works reviewed in this paper demonstrate 

the potential of blockchain-based solutions to address these challenges, offering decentralized, secure, and transparent systems that can empower patients 

and healthcare providers alike. Notable studies highlighted the promise of blockchain in improving access control, data sharing, and the protection of 

sensitive medical data, while also pointing out the emerging risks introduced by quantum computing and other technological developments. 

In light of these insights, the proposed framework presents a robust solution by combining blockchain’s immutability and transparency with cloud-based 

EHR management to ensure secure, tamper-proof, and accessible patient records. Through the introduction of a Blockchain Handshaker as middleware, 

the system facilitates seamless interaction between health- care providers and patients while ensuring that all medical transactions undergo verification 

via smart contracts. This combination of blockchain and cloud infrastructure enhances the system’s security, mitigates the risks of data tampering, and 

fosters trust among stakeholders. 

Ultimately, the proposed model outlines a forward-looking approach to modernizing healthcare data management, leveraging cutting-edge technologies 

to address long-standing is- sues in the industry. By integrating blockchain with cloud storage, the system offers a scalable, efficient, and secure solution 

that meets the evolving needs of healthcare in the digital age. Future research and development in this area will likely continue to refine these models, 

ensuring that healthcare systems are better equipped to handle the complex and sensitive nature of patient data while maintaining the highest standards 

of privacy and security. 

V. Future Scope 

The integration of blockchain technology into Electronic Health Record (EHR) systems presents exciting possibilities, but there are still several challenges 

and opportunities for further development. One of the key areas for future exploration is the scalability of blockchain-based EHR systems. As healthcare 

data grows exponentially, the ability of blockchain networks to handle large volumes of transactions efficiently will become crucial. Future advancements 

should focus on improving the scalability of blockchain protocols, possibly through the use of technologies like sharding or layer-two solutions, to ensure 

the system can scale effectively without compromising performance or security.  

Another area that holds significant promise is the interoperability between blockchain-based EHR systems and existing healthcare infrastructures. Many 

healthcare organizations still rely on traditional systems, and achieving seam- less data exchange between blockchain and legacy systems is a challenge. 

Future research should focus on developing standardized frameworks and protocols that enable smooth integration, ensuring that EHR data can be shared 

securely and efficiently across various healthcare platforms and institutions. As the technology continues to evolve, further interdisciplinary research will 

be necessary to unlock the full potential of blockchain in healthcare, ensuring that it meets the demands of an increasingly digital and interconnected 

world. 
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