
 

International Research Journal on Advanced Engineering 

and Management 

https://goldncloudpublications.com 

https://doi.org/10.47392/IRJAEM.2025.0392 

e ISSN: 2584-2854 

Volume: 03 

Issue:07 July 2025 

Page No: 2497 - 2500 

 

   

                        IRJAEM 2497 

 

Enhanced Blockchain for Healthcare Systems 
Gracey Milcah1, K Gayathri2, K Subitha3   
1,2Associate Professor, Department of Computer Application Ayya Nadar Janaki Ammal College, Sivakasi,  

Tamil Nadu, India. 
3UG Scholar, Department of Computer Science, Ayya Nadar Janaki Ammal College, Sivakasi, Tamil Nadu, 

India. 

Emails: graceymilcah777@gmail.com1, gayathri_sf716@anjacconline.org2, 22us14@anjaconline.org3   

 

Abstract 

Blockchain has gained significant popularity in recent years due to its data integrity and wide range of 

applications. It has formed the backbone of cryptocurrencies like Ripple, Bitcoin, and Ethereum, while also 

enabling decentralized and trust-based solutions in sectors such as finance, commerce, IoT, reputation 

systems, and healthcare. Despite its promise, challenges like scalability, resilience, and privacy still persist. 

In healthcare, stringent regulatory standards such as HIPAA demand higher levels of authentication, 

interoperability, and secure data sharing. This article presents a comprehensive study of blockchain 

technology from both technical and application perspectives in the healthcare domain. It explores blockchain 

features, use-cases, and interoperability in healthcare, along with consensus mechanisms and platform 

selection. We summarize state-of-the-art research, existing healthcare blockchain applications, performance 

metrics, and research opportunities. Additionally, we examine potential security threats, classify attack 

models, and review detection and protection techniques, offering insights into enhancing blockchain's security 

and privacy for healthcare. 

Keywords: Blockchain, Decentralization, Data Integrity, Healthcare, HIPAA, Authentication, 

Interoperability, Consensus Algorithms, Security, Privacy, Threat Models, Future Research. 

 

1. Introduction  

Healthcare is one of the most critical sectors that deal 

with sensitive data, complex operations, and life-

impacting decisions. With the advent of digital 

technologies, the industry has started transitioning 

from conventional methods to more interconnected 

and data-driven systems. However, traditional health 

information exchanges (HIEs) and personal health 

record (PHR) systems have often fallen short in terms 

of security, interoperability, and trust. Blockchain 

technology has gained significant attention in recent 

years due to its decentralized, transparent, and 

tamper-proof nature. Originally introduced for digital 

currencies like Bitcoin, blockchain is now being 

explored for applications across several domains 

including healthcare. By leveraging cryptographic 

techniques and consensus mechanisms, blockchain 

offers a secure and efficient way to manage 

healthcare data and processes. In this paper, we 

explore how blockchain can transform healthcare 

systems by addressing key challenges such as data 

privacy, integrity, accessibility, and traceability. The 

core of blockchain is a distributed ledger that ensures 

all participants maintain identical copies of records, 

thus reducing dependency on a central authority. This 

trustless system provides opportunities for secure 

patient data management, streamlined clinical 

workflows, and enhanced drug traceability. Our aim 

is to examine the existing blockchain frameworks, 

their application in various healthcare use cases, and 

the future directions to improve healthcare delivery. 

The system architecture, consensus models, threat 

classifications, and potential for improving health 

record interoperability will also be discussed [1-3]. 

1.1. Blockchain Applications in Healthcare 

 Patient Data Management: Blockchain enables 

patients to have full control over their health 

records, ensuring tamper-proof access and 

seamless sharing across institutions. 

 Drug Traceability: Every drug package can be 

tracked from manufacturer to consumer, 

preventing counterfeit drugs. 
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 Secure Data Exchange: Decentralized systems 

ensure secure and auditable sharing of 

sensitive data. 

 Clinical Trials: Transparency in clinical data 

can be maintained for reproducibility and 

public trust. 

 Vaccination and Waste Management: 

Blockchain helps streamline the vaccination 

process and improve healthcare waste 

tracking, especially highlighted during the 

COVID-19 pandemic. 

2. Methods 

Blockchain operates through a combination of 

cryptographic hashing, distributed ledgers, and 

consensus mechanisms. In the healthcare context, it 

is crucial to tailor the blockchain architecture to meet 

regulatory standards like HIPAA and ensure 

usability. This study conducted an in-depth 

evaluation of various blockchain frameworks 

including Hyperledger, Ethereum, and Corda, 

assessing their adaptability to healthcare scenarios. 

Key focus areas included data integrity, access 

control, scalability, latency, and security. 

Experiments involved simulating healthcare data 

sharing and transaction logging across decentralized 

nodes to test system responsiveness and robustness. 

Consensus mechanisms were critically analyzed to 

determine their effectiveness in healthcare use cases. 

Algorithms such as Proof of Work (PoW), Proof of 

Stake (PoS), Delegated Proof of Stake (DPoS), and 

Practical Byzantine Fault Tolerance (PBFT) were 

reviewed for their performance, energy efficiency, 

fault tolerance, and transaction finality. The analysis 

highlighted the trade-offs between decentralization 

and control, emphasizing the importance of selecting 

the right consensus model for specific healthcare 

applications [4-6]. 

2.1. Tables 

Tables present categorized comparisons and analysis 

of blockchain implementations in healthcare. Each 

table is formatted to display maximum clarity and 

should be cited within the document (e.g., Table 1). 

All technical parameters such as throughput, latency, 

and security models are detailed in the respective 

sections. 

Table 1 Blockchain Types and Suitability in 

Healthcare 

Blockchai

n Type 

Suitability 

(Use Cases) 

Advantag

es 

Challeng

es 

Permission 

less 

Cryptocurren

cy, Public 

Transparency 

Open 

access, 

High 

immutabili

ty 

High 

energy, 

Less 

privacy 

Permission

ed 

Patient 

Records, 

Insurance 

Claims 

Controlled 

access, 

Efficient 

Trust 

dependen

cy 

Federated 

Research 

Collaboration

, Consortiums 

Multi-

party trust, 

Privacy 

Complex 

governanc

e 

Hybrid 

Supply 

Chain, 

Healthcare 

IoT 

Mix of 

both, 

Flexible 

architectur

e 

System 

integratio

n 

complexit

y 

 

2.2.Figures 

Figures 1 in this study include architecture diagrams, 

Google trends showcasing increasing interest in 

healthcare-blockchain integrations, and comparison 

charts of consensus algorithms. Each figure is labeled 

clearly and referenced within the text for easy 

correlation. 

 

 
Figure 1 Block Chain Visualization for Health 

Care 

 

3. Results and Discussion  

3.1. Results 

To evaluate the practical implications of blockchain 

in healthcare systems, a detailed experimental 
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framework was designed. This framework analyzed 

the implementation of different blockchain 

platforms—namely Hyperledger Fabric, Ethereum, 

and Corda—against healthcare-specific performance 

indicators. These included throughput, latency, 

interoperability, fault tolerance, scalability, and 

compliance with data privacy regulations like 

HIPAA. The experiments demonstrated that 

permissioned blockchains like Hyperledger Fabric 

provide high efficiency in secure data exchange and 

interoperability, making them suitable for Electronic 

Health Record (EHR) systems. Public blockchains 

such as Ethereum showed strong decentralization and 

immutability, useful for applications requiring 

trustless data logging, though they posed latency and 

scalability challenges. Federated blockchain models 

exhibited balanced performance and are promising 

for multi-institutional collaborations in research and 

clinical trials. A comparative study of consensus 

mechanisms highlighted Practical Byzantine Fault 

Tolerance (PBFT) as the most reliable for healthcare 

networks due to its lower energy consumption and 

faster confirmation times compared to Proof of Work 

(PoW) and Proof of Stake (PoS). In addition, the 

study evaluated how blockchain platforms handle 

sensitive data scenarios such as patient consent 

management and electronic prescriptions. 

Hyperledger Fabric, with its support for private data 

collections and customizable smart contracts, showed 

excellent performance in enforcing data sharing 

permissions while preserving patient confidentiality. 

Ethereum’s public nature, although offering 

maximum transparency, lacked data access 

granularity without significant customization. 

3.2. Discussion 

The results indicate that blockchain technology holds 

substantial promise for improving healthcare systems 

through enhanced security, transparency, and 

interoperability. The superior performance of 

permissioned blockchains in controlled healthcare 

environments supports their application in hospital 

record systems and inter-hospital communication 

networks. One of the key insights was the critical role 

of consensus algorithms in achieving desired 

performance benchmarks. PBFT emerged as the most 

practical solution, especially for private or 

consortium-based healthcare blockchain networks. 

Its deterministic nature and efficiency in smaller 

networks make it ideal for data-sensitive sectors like 

healthcare. Moreover, the traceability features of 

blockchain provide a transparent and immutable log 

of drug distribution chains, helping curb counterfeit 

pharmaceuticals. Blockchain enables regulators and 

pharmaceutical companies to track every batch of 

medication through production, shipping, and 

distribution until final delivery to the pharmacy or 

patient. Applications such as vaccination tracking, 

clinical data management, and secure insurance claim 

processing further validate the utility of blockchain in 

addressing both patient-centric and administrative 

challenges. Finally, the adaptability of smart 

contracts enabled automated execution of healthcare 

agreements, such as insurance reimbursements and 

access permissions. This automation reduces 

administrative overhead and minimizes fraud, 

making blockchain a compelling tool for healthcare 

digital transformation, Shown in Figure 2. 

 

 
Figure 2 Processes Inequities in Stock Market 

 

Conclusion 

This study confirms that blockchain technology is a 

viable solution for the pressing issues of data 

security, interoperability, and transparency in 

healthcare. By adopting suitable blockchain 

frameworks and consensus algorithms, healthcare 

providers can build resilient, patient-centric systems 

that reduce operational inefficiencies and enhance 

trust. The findings provide a roadmap for the 
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integration of blockchain into mainstream healthcare 

infrastructure, guiding future research and practical 

implementation. Furthermore, the real-time 

integration with IoMT, potential to eliminate 

counterfeit drugs, and enhanced clinical data 

transparency show that blockchain’s impact extends 

beyond storage and access control. Continued 

exploration of hybrid models, integration with AI-

based diagnostic systems, and co mpliance alignment 

with global regulations such as GDPR and HIPAA 

will further empower the healthcare blockchain 

ecosystem. 
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