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Abstract: Blockchain technology is transforming industries like finance, supply chain, governance, and 

healthcare. This paper analyzes blockchain architecture, applications, challenges, and performance. Key 

attributes—decentralization, immutability, transparency, and security—enable secure peer-to-peer 

transactions without intermediaries. Consensus mechanisms such as Proof of Work (PoW) and Proof of 

Stake (PoS) are examined for their trade-offs in scalability, energy efficiency, and security. 

In healthcare, blockchain addresses security and interoperability issues in centralized Personal Health 

Record (PHR) systems. Solutions using Ethereum, Hyperledger, smart contracts, and IPFS enhance 

Electronic Health Record (EHR) management by improving data integrity, privacy, and access control 

while reducing costs. A containerized microservices architecture further enhances scalability. 

Blockchain performance, evaluated using the BLOCKBENCH framework, highlights gaps in transaction 

throughput compared to traditional databases. Despite scalability, interoperability, and regulatory 

challenges, ongoing research focuses on optimizing consensus mechanisms, integrating database 

principles, and improving healthcare interoperability, advancing blockchain’s real-world applications.. 
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I. INTRODUCTION 

Blockchain technology has evolved from its initial role as the foundation for Bitcoin into a transformative Force across 

multiple industries. As a decentralized, tamper-resistant, and transparent digital ledger, blockchain enables secure and 

verifiable transactions without intermediaries, making it a promising solution for various applications beyond 

cryptocurrencies. Key benefits include decentralization, transparency, and immutability, which drive innovations in 

financial technology (fintech), smart contracts, and economic applications. However, blockchain also faces significant 

challenges, such as scalability, energy consumption, and regulatory concerns, which researchers continue to address in 

pursuit of more efficient and adaptable solutions.                  

A critical perspective on blockchain technology focuses on its data processing capabilities, particularly in private 

blockchain systems like Ethereum, Parity, and Hyperledger Fabric. These systems highlight tradeoffs between 

performance and security, with comparisons. 

 

II. BLOCKCHAIN AND IT’S ARCHITECTURE 

Blockchain is a chain of blocks which contain specific information, but in a secure and genuine way. This database is 

grouped together in a network (peer-to-peer). Alternatively, blockchain is a union of computers connected to each   

other instead of a centralized server, meaning that the whole network is decentralized. 

 

A. Components of Blockchain Architecture 

1) Node - user or computer within the blockchain architecture (each has an independent copy of the whole         

blockchain ledger). 

2) Transaction - the smallest building block of a blockchain system (records, information, etc.) that serves as the      

purpose of blockchain. 

3) Block - a data structure used for keeping a set of transactions which is distributed to all nodes in the network. 

4) Chain - a sequence of blocks in a specific order 
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5) Miners - specific nodes which perform the block verification process before adding anything to the blockchain     

structure. 

6) Consensus (consensus protocol) - a set of rules and arrangements to carry out blockchain operations. 

 

B. Blockchain Structures Contain Three Categories 

1) Public Blockchain Architecture Public blockchain architecture means that the data and access to the system is 

available to anyone who is willing to participate (e.g. Bitcoin, Ethereum, and Litecoin blockchain systems are public). 

2) Private Blockchain Architecture 

As opposed to public blockchain architecture, the private system is controlled only by users from a specific 

organization or authorized users who have an invitation for participation. 

3) Consortium Blockchain Architecture  

This blockchain structure can consist of a few organizations. In a consortium, procedures are set up and controlled by 

the preliminary assigned users. 

 

C. How Blockchain Works. 

 
Fig. 1. Working of Blockchain 

 

D. Blockchain Data structure 

 
Fig. 2. Blockchain Data structure 
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III. BLOCKCHAIN IN HEALTHCARE 

A. Purpose of Blockchain in Healthcare 

The purpose of blockchain in healthcare is to address key issues related to data security, privacy, and interoperability 

while empowering patients with control over their health records. Blockchain provides a decentralized and immutable 

platform that enhances the secure sharing of electronic health records (EHRs) among healthcare providers, ensuring 

that only authorized parties can access sensitive medical data. By giving patients control over their personal health 

records (PHRs), blockchain promotes transparency and trust, allowing individuals to manage who can access their 

information. It also improves interoperability by enabling seamless data exchange across different healthcare systems, 

overcoming the fragmentation caused by disparate technologies. Additionally, blockchain ensures the integrity and 

authenticity of medical data through an immutable ledger, reducing errors and preventing unauthorized changes. 

Overall, blockchain optimizes healthcare operations by enhancing data security, empowering patients, and streamlining 

data sharing across the healthcare ecosystem.  

 

B. How Blockchain is Implemented in Medical Records 

The implementation of blockchain in medical records revolutionizes the way patient data is stored, shared, and 

managed. Instead of relying on traditional centralized databases, blockchain uses a decentralized and distributed ledger 

where patient data is stored across multiple nodes in a secure and tamper-proof manner. Each time a patient’s medical 

record is updated—whether it’s a diagnosis, treatment plan, or lab result—a new block is added to the blockchain. This 

block is encrypted and linked to previous entries, ensuring that all medical history is permanently recorded and cannot 

be altered or deleted. Blockchain empowers patients by giving them control over their personal health records (PHRs), 

allowing them to decide who can access specific parts of their medical data. For instance, a patient can grant temporary 

access to a doctor or specialist and revoke it when the consultation is  over, enhancing privacy and security. 

Additionally, blockchain simplifies interoperability between different healthcare providers. Since all authorized parties 

can access the same, up-to-date information regardless of their own internal systems, blockchain eliminates data silos, 

ensuring seamless, efficient, and accurate data sharing. Blockchain’s smart contracts further enhance the system by 

automating processes such as insurance claims, where Once predefined conditions are met (e.g., a treatment is 

completed), payments are automatically processed. This removes the need for third-party intermediaries, reducing 

administrative overhead. In summary, blockchain’s implementation in medical records offers a secure, patient-

controlled, and transparent system that improves data accuracy, enhances interoperability, and streamlines healthcare 

processes. 

 

IV. CHALLENGES FACED IN HEALTHCARE 

 

1) Keeping Patient Data Private – Blockchain is very transparent, but medical data needs to be kept private. Extra 

encryption is needed to protect sensitive information. 

2) Handling Large Amounts of Data – Healthcare produces a lot of data, like medical scans and patient records. 

Blockchain networks can be slow and struggle to handle this volume efficiently. 

3) Different Systems Don’t Easily Connect – Hospitals and clinics use different types of electronic health record (EHR) 

systems, which may not work well with blockchain. A common standard is needed for smooth integration. 

4) Legal and Compliance Issues – Strict laws protect patient data (like HIPAA and GDPR), but blockchain is 

decentralized, making it hard to comply with regulations, especially the right to delete data. 

5) High Costs – Setting up blockchain in healthcare requires a lot of money for new technology, staff training, and  

ongoing maintenance. 

6) Difficult to Implement – Many hospitals don’t have blockchain experts, making it hard to adopt and manage the 

technology. 

7) Storage Limitations – Blockchain is n’t designed to store big files like X-rays or MRIs. External storage  solutions 

(like IPFS) are needed, adding complexity 
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V. ADVANTAGES OF USING BLOCKCHAIN IN HEALTHCARE 

1) Data Security: Ensures data encryption, decentralization, and immutability, protecting patient privacy. 

2) Interoperability: Enables secure, seamless data sharing between healthcare providers, with patients controlling 

access. 

3) Fraud Prevention: Reduces counterfeiting in the supply chain and verifies provider credentials. 

4) Efficiency: Automates processes like insurance claims and billing with smart contracts. 

5) Cost Savings: Cuts out intermediaries, reducing administrative costs and preventing data duplication. 

6) Better Research: Ensures transparent, accurate clinical trials and tracks patient consent. 

7) Patient Control: Empowers patients to manage their health data and receive personalized care. 

 

VI. FUTURE ENHANCEMENT 

1) Supply Chain and Logistics: Blockchain will improve transparency and traceability in industries like food, 

pharmaceuticals, and manufacturing. 

2) Central Bank Digital Currencies (CBDCs): Governments are exploring blockchain-based digital currencies for  

secure, efficient monetary transactions. 

3) Voting Systems: Secure, verifiable digital voting could become a reality, improving election integrity. 

4) Decentralized AI marketplaces will emerge, allowing AI models to be trained and accessed without a central 

authority. 

5) Smart contracts powered by AI could make autonomous decision making more reliable and efficient. 

6) Blockchain will power decentralized social media, gaming, and virtual economies in the Metaverse. 

7) Digital identity and ownership will be enhanced through blockchain powered assets. 

8) Developing blockchain-powered patient identity verification systems to reduce fraud and streamline hospital 

admissions. 

 

VII. CONCLUSION 

In conclusion, blockchain technology is rapidly evolving and gaining traction across various industries due to its ability 

to maintain global states and ensure secure, decentralized data management. This paper provides a comprehensive 

review of blockchain advancements, particularly in private blockchain systems, and evaluates their performance using 

BLOCKBENCH. Additionally, it explores blockchain applications in finance, healthcare, and personal health records 

(PHRs), highlighting its potential to enhance security, efficiency, and accessibility. By integrating technologies such as 

Ethereum smart contracts, IPFS, and trusted oracles, blockchain can revolutionize data sharing, especially in healthcare 

and digital payment systems. Despite its advantages, challenges like security perceptions and system scalability remain 

critical areas for further research and development. 
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