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Abstract 

Blockchain technology has gained increasing attention in recent years due to its capacity to 

provide secure, decentralized, and tamper-evident data storage. Within healthcare, these 

attributes offer the potential for streamlined data management, enhanced interoperability, and 

strengthened trust among stakeholders. However, several challenges—ranging from regulatory 

constraints and scalability issues to privacy concerns—complicate blockchain’s adoption in the 

health sector. This review paper provides an overview of blockchain’s foundational principles, 

examines the ways it is being applied to healthcare data management and clinical processes, and 

considers the obstacles hindering widespread implementation. By elucidating the current state of 

blockchain in healthcare and its multifaceted impacts, this paper highlights both the promise and 

complexity of integrating this emerging technology into one of the most highly regulated and 

mission-critical industries. 
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I. INTRODUCTION 

Healthcare Applications globally are embracing digital transformation to enhance patient outcomes, 

reduce costs, and respond to evolving patient expectations and Blockchain is a tamper-proof distributed 

ledger technology. Its distributed yet secure nature makes it widely adoptable, similar to Internet 

technology. The fundamental operation of blockchain technology is that it enables a group of people to 

record transactional records in a shared ledger in such a way that once written and published, no one can 

change them. Blockchain technology has emerged as a transformative innovation with the potential to 

revolutionize various industries Electronic Health Records (EHRs), telemedicine services, wearable 

health devices, and sophisticated analytics tools have become integral to modern clinical practice. While 

these developments offer significant benefits, they also introduce new challenges in data governance, 

interoperability, and security. Within this context, blockchain technology has emerged as a compelling 

solution, promising a decentralized and tamper-evident way to manage sensitive healthcare data [5]. 

Blockchain’s relevance to healthcare stems from its core features: immutability, transparency, 

decentralization, and cryptographic security. Rather than relying on a single authority to maintain patient 

records or transaction logs, blockchain distributes control among a network of participants who 
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collectively validate and store the information. Once committed to the blockchain ledger, data cannot be 

easily altered or deleted, thereby enhancing trust in the integrity of records. Nevertheless, deploying 

blockchain in healthcare introduces a range of questions about how to reconcile patient privacy, 

regulatory requirements, and various legacy IT systems [1]. 

This review paper investigates the potential role of blockchain in healthcare and delves into its current 

applications, the principal challenges it faces, and the resultant impacts on health data management and 

clinical operations. First, the discussion covers blockchain’s technological underpinnings, establishing the 

basis for understanding its suitability for healthcare. Next, it assesses the key ways blockchain is being 

explored or used in healthcare, from supply chain management to clinical trials. The paper then examines 

the obstacles constraining broader adoption, including scalability, governance, and compliance. Finally, it 

explores blockchain’s immediate impacts on healthcare stakeholders and systems, highlighting both the 

advantages and complexities of integrating blockchain into existing infrastructures. 

 

 

 

 

 

 

 

 

 

Fig. 1. Sharing health information using BCT [1]. 

II. UNDERSTANDING BLOCKCHAIN APLICATION 

Blockchain’s decentralized data management framework offers possibilities that reach well beyond the 

boundaries of finance. A recent Harvard Business Review article [6], for instance, details how blockchain 

can be applied to a variety of areas—including validating artwork and verifying voting records. In 

response to this broad appeal, major players such as IBM, Microsoft, and Accenture have joined forces to 

develop blockchain-based platforms suitable for adoption by numerous industry partners [7]. Several 

organizations have already begun leveraging the technology for purposes like identity verification, trade 

settlements, and supply chain management. Much of this momentum stems from estimates suggesting 

that blockchain-driven automation could save the financial services sector between $15 and $20 billion 

annually. 

Distributed Ledger Technology (DLT) that stores data across multiple nodes in a peer-to-peer network. 

Each node maintains a copy of the entire ledger, and new transactions are appended in “blocks” using 

cryptographic techniques. A consensus mechanism (e.g., Proof of Work, Proof of Stake, or Practical 

Byzantine Fault Tolerance) ensures that the majority of nodes agree on the transaction’s validity before it 

is added to the chain. Consequently, once a block is added, tampering with past records becomes 

exceedingly difficult because all subsequent blocks would also need to be recalculated, and the majority 
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of the network’s nodes would need to accept the modification [2]. Key advantages for healthcare contexts 

include: 

• Immutability: The near-impossibility of altering historical data helps maintain accurate patient 

records and reduce fraud. 

• Decentralization: Data ownership is distributed among nodes, which can include clinics, hospitals, 

and other stakeholders. This lessens reliance on a single, potentially vulnerable, data repository. 

• Security: Cryptographic hashing and distributed consensus enhance the security of records. 

• Transparency and Auditability: Transactions are visible to authorized participants, providing a 

tamper-evident audit trail of all data-related activities. 

A. Blockchain Types and Healthcare Relevance 

Two broad types of blockchain networks are particularly relevant to healthcare: 

1) Public (Permissionless) Blockchain: Anyone can join, validate transactions, and read the ledger. 

Cryptocurrency networks like Bitcoin and Ethereum are classic examples. While transparent, these 

networks may not be ideal for healthcare’s strict privacy standards due to their open and permissionless 

nature. 

2) Private (Permissioned) Blockchain: Access is restricted to specific entities that meet certain 

criteria, often governed by a consortium. Private blockchains can be configured to limit data access, 

making them better suited for handling sensitive health information. They also offer higher transaction 

throughput and more predictable governance structures [3]. 

B. Smart Contracts 

Introduced by second-generation blockchain platforms, smart contracts are self-executing code 

snippets stored on the blockchain. When predefined conditions are met, the contract automatically 

triggers actions, such as approving a payment or updating a record. In healthcare, smart contracts can 

streamline cumbersome administrative tasks (e.g., processing insurance claims, transferring medical 

records between providers) [4]. Although promising, these contracts require thorough coding, auditing, 

and legal validation to ensure they comply with healthcare regulations and do not inadvertently expose 

sensitive patient information. 

III. HEALTHCARE DATA MANAGEMENT  

A. Data Fragmentation and Siloed Systems 

Healthcare data is notoriously fragmented. Patient information resides in multiple locations—

hospitals, clinics, diagnostic labs, pharmacies, insurance databases—making comprehensive data sharing 

cumbersome. Even within a single healthcare institution, various departments may rely on disparate 

software systems that do not communicate seamlessly. This fragmentation can result in delayed 

diagnoses, redundant testing, or medication errors. It can also hinder large-scale population health studies 

that rely on comprehensive, high-quality datasets. 

Blockchain’s shared ledger approach offers a potential solution by creating a unified data reference 

accessible to authorized users. Rather than continuously exchanging data files via fragmented channels, 

healthcare organizations could publish authorized transactions (e.g., new lab results, immunization 
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records) to a blockchain. Other stakeholders could verify the information’s authenticity and, if permitted, 

append additional data to the ledger. This design theoretically reduces record duplication, errors, and 

administrative overhead. 

B. Addressing Interoperability 

An underlying promise of blockchain is true interoperability—the ability for diverse systems to access, 

interpret, and reliably act on shared data. Integrating EHR systems using blockchain could involve 

tokenizing data points or storing cryptographic “pointers” to off-chain data repositories. Authorized 

providers might receive patient data instantaneously, with blockchain ensuring that all information is 

current and valid. While industry-wide efforts like the Fast Healthcare Interoperability Resources (FHIR) 

standards have advanced interoperability, blockchain could reinforce these frameworks by providing a 

secure, tamper-resistant layer for data exchange. 

C. Patient Control and Consent Management 

Blockchain can shift data ownership to patients, granting them granular control over who can view or 

modify their health information. For instance, a patient could provide their clinician with a temporary 

“key” to view their records for a specified period. Once the consultation ends, the key expires. Such a 

model aligns with privacy regulations and fosters greater patient engagement by allowing individuals to 

directly manage their data access permissions. This approach could help address privacy breaches and 

identity theft, as access to sensitive records is governed by cryptographic rules, not by a single 

institutional administrator who could be compromised [11]. 

IV. CURRENT APPLICATIONS OF BLOCKCHAIN IN HEALTHCARE 

A. Drug Supply Chain Management 

Pharmaceutical supply chains often span multiple countries and companies, making it difficult to 

ensure product authenticity. Blockchain can track pharmaceuticals from the manufacturing facility to the 

patient’s hands, logging each transaction on a tamper-proof ledger. This application reduces the risk of 

counterfeit drugs entering the supply chain and enables rapid recalls if a batch is found to be defective. 

Some pilot projects, launched in response to regulations like the U.S. Drug Supply Chain Security Act 

(DSCSA), have demonstrated how blockchain-based “track-and-trace” capabilities can bolster 

transparency and integrity across complex supply networks. 

B. Clinical Trials and Research Data 

Clinical trials depend on transparent record-keeping to validate patient recruitment, informed consent, 

and data collection. Any inaccuracies or tampering with trial results can compromise scientific validity. 

Blockchain’s immutable ledger helps ensure that trial protocols, consent forms, and outcome data remain 

consistent and verifiable. When combined with cryptographic methods that maintain patient anonymity, 

the technology allows researchers to securely share results while preserving privacy. This integrity and 

auditability of trial data can also speed regulatory reviews and open opportunities for collaborative 

studies. 

C. Insurance Claims and Billing 

Healthcare billing is notoriously complicated, with multiple steps involving providers, insurers, and 

sometimes government agencies. Fraud and billing errors add to the administrative costs. Blockchain-

based smart contracts can automate claims verification and payment. For instance, a verified patient visit 
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logged on the blockchain can automatically trigger an insurance claim submission if it meets the 

contract’s criteria [12]. This reduces manual paperwork, expedites claims processing, and limits 

fraudulent activity by ensuring all transactions are recorded and verified. Insurers, in turn, gain a real-time 

view of claims data, enhancing their ability to monitor and adjust reimbursement practices. 

D. Credentialing and Professional Records 

Medical professionals must undergo lengthy credentialing processes to confirm their qualifications and 

licensure. These checks can be redundant and prone to errors when practitioners move between hospitals 

or geographic regions. By using blockchain to store professional credentials, healthcare organizations can 

quickly verify a doctor’s board certification, malpractice history, and continuing education credits. This 

streamlining of credentialing reduces administrative overhead, speeds up onboarding, and helps ensure 

that only qualified practitioners provide care. 

E. Patient-Centered Care and Wearables Integration 

The surge in wearable devices—such as fitness trackers, heart-rate monitors, and glucose sensors—has 

generated large volumes of real-time patient data. If integrated with EHR systems, these data streams 

could enhance care quality by offering continuous insights into patient health. Blockchain can provide a 

trusted infrastructure for aggregating and verifying these streams of data, ensuring their authenticity 

before they are appended to a patient’s medical record. This integration creates a comprehensive patient 

health profile and allows for more personalized, data-driven treatment decisions. 

V. CHALLENGES AND OPPORTUNITIES  

MIT research points out, winning companies innovate because they integrate the needs of people, the 

possibilities of technology, and the requirements for business success. These companies blend the 

perspectives of marketing, design, and engineering into a systematic approach to delivering innovation. 

Their product and services reflect the following three criteria [14]: 

• Technical: Does a better solution exist? Does this solution give us a competitive advantage?  

• People: Is there a real unmet need? How important is this need?  

• Business: Is it financially viable? Is it effective and cost-efficient?  

Blockchain technology is a great solution for the healthcare industry, meeting all the above three 

requirements of innovation challenges. It is technically feasible, The technology perfectly handles diverse 

healthcare data challenges and helps in extracting the maximum output from the data collected on diverse 

levels. Implementation of blockchain in healthcare addresses four major issues:  

• Fragmented Data,  

• Slow Access To Medical Data 

• System Interoperability 

• Patient Agency 

• And Improved Data Quality And Quantity For Medical Research 
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Also, recent technological advances in Blockchain technology and a robust industry-wide commitment 

to standards and security point to a bright future for blockchain in healthcare. Figure 2 summarizes 

strategies that have contributed to the overall popularity of the blockchain-based healthcare market. 

 

 

Fig. 2. Strategic values of blockchain-based healthcare [2].. 

VI. EMERGING BLOCKCHAIN-BASED HEALTHCARE SOLUTIONS 

A growing number of companies have turned their attention to developing and delivering blockchain 

solutions designed specifically for the healthcare sector. These platforms and applications provide array 

of services, from secure storage to more seamless sharing and utilization of medical data among 

healthcare providers. By doing so, they help safeguard the integrity of health records while also 

contributing to better drug traceability—an essential factor in the fight against counterfeit medications 

[11-13] 

One of the key benefits of blockchain in healthcare lies in its decentralized and secure framework, 

which makes it possible to share EMRs reliably among various providers. This transparency not only 

enhances the continuity of care but also helps reduce costs for healthcare systems and improving patient 

outcomes 999. Beyond EMRs, blockchain’s inherent security protocols are finding use in pharmaceutical 

supply chains, where the authenticity and safety of drugs are critical .  

Moreover, blockchain technology has the potential to simplify and expedite insurance claim 

processing, bringing much-needed efficiency. Claims submitted through a blockchain-based system can 

be reviewed and validated more quickly, making fraudulent claims easier to spot and deterring bad actors. 

The result is a more transparent and streamlined that benefits both insurers and providers—and, 

ultimately, patients. Overall, blockchain’s possible uses in healthcare underscores its transformative 

potential. From ensuring data privacy and accelerating administrative workflows to strengthening patient 

trust through greater transparency, blockchain opens up avenues for meaningful improvements in care 

quality and cost management. Its ongoing integration into the healthcare landscape signals a future where 

secure, efficient, and patient-centric services are the norm rather than the exception [9-10]. 
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TABLE I.  BLOCKCHAIN POTENTIALS FOR HEALTHCARE 

Blockchain Potentials For Healthcare 

Categories Potential Use Key Benefits 

Patient • Patient empowerment 

• Patients can keep track of 

their medical background 

• Patients can check their 

latest medical prescriptions 

• Patients can share their data 

securely across their 

providers 

• Increases patient trust 

• Improves patient access to trusted data 

• Facilitates better collaboration Increases 

transparency 

• Improves and personalizes the patient experience 

• Increases efficiency and reduces operations costs . 

• Enables patient access to their health records 

anywhere in the world 

• Enables patient access to their latest prescriptions 

Regulation and 

Compliance 

• Compliance tracking 

• Smart contract-based check 

• Establishes a trusted audit trail verifiable in real-

time 

• Establishes a platform to enforce privacy 

regulations automatically 

• Enables monitoring of who has shared data and 

with whom, without revealing the data itself 

Intercompany 

Process 

• Transfer of funds 

• Medical devices supply 

chain 

• Temperature-controlled 

supply chains 

• Services 

• Facilitates automated payments through smart 

contracts 

• Increases speed for payments . Provides full 

transparency of assets across the supply chain to the 

patient 

• Enables certified & private messaging between 

medical devices and service providers 

• Brings all transactions into a single platform 

Administration 

and Back 

Offices 

• Revenue management • Improves efficiencies in tracking and tracing areas 

where leakage occurs 

• Reduces admin costs 

• Increases reliability and auditability 

• Speeds up financial transactions process 

Pharmaceuticals • Verifies drug provenance 

• Creates an industry-wide, 

single source of aggregate 

information 

• Tracks and traces pharmaceuticals 

• Proof of authenticity for anti-counterfeiting 

techniques 

• Helps prevent the transport and sale of counterfeit 

products 

• Makes it is possible to detect the full spectrum of 

complications related to pharmaceutical treatment 
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Sources [2-4]. 

VII. BLOCKCHAIN LIMITATIONS  

Although blockchain offers distinct advantages in terms of data integrity and transparency, it also 

presents notable challenges compared with more conventional data storage methods. One prominent issue 

involves the distribution of potentially identifiable patient information across a public ledger. While it is 

possible to deidentify or encrypt data, the fact that every node in a blockchain network holds a copy of the 

ledger raises concerns about the possibility of reidentification or unauthorized access. 

Another area requiring careful consideration is the speed and scalability of a completely decentralized 

system—particularly important in a data-intensive sector like healthcare. Even smaller blockchain 

projects have faced performance bottlenecks, hinting at potential hurdles when managing larger data 

volumes. Because each node in a blockchain environment is expected to store the entire ledger, the 

network can grow quickly [6].  

Cost-effectiveness poses a further challenge. Substantial investments in hardware, implementation, 

and ongoing support are needed to establish and maintain a blockchain infrastructure capable of 

managing healthcare’s sizable data needs. Whether the return on these investments will justify the upfront 

and continuing expenses remains unclear until more large-scale deployments occur. 

These obstacles suggest that while blockchain can boost transparency and integrity in data 

transactions, rapidly replacing current healthcare IT systems with blockchain-based solutions may not be 

feasible in the near term. Careful planning, pilot testing, and a thorough assessment of costs and benefits 

are essential steps before blockchain can become a viable foundation for everyday healthcare operations 

[8]. 

VIII. CONCLUSION 

Blockchain technology has captured the attention of healthcare stakeholders due to its potential to 

secure patient data, streamline administrative workflows, and improve interoperability. From 

pharmaceutical supply chain tracking to automated insurance claims processing, blockchain-based 

initiatives promise to enhance transparency and accountability in a notoriously complex industry. The 

resulting impacts—such as fortified data security, patient empowerment, and improved care 

coordination—underscore why blockchain is considered a transformative force within healthcare’s 

ongoing digital evolution [15]. 

Yet, blockchain’s integration into healthcare also presents a variety of significant challenges. Complex 

and often contradictory regulatory frameworks, privacy concerns, scalability limitations, and substantial 

implementation costs can dampen enthusiasm for large-scale deployments. Healthcare organizations must 

Blockchain Potentials For Healthcare 

Categories Potential Use Key Benefits 

Research & 

Development 

• Securing clinical trials • Prevents theft of intellectual property 

• Enables users to authenticate any document and 

ensuring proof of the existence 

• Enables access to a huge anonymous and 

authenticated database of patients 
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carefully weigh the technology’s advantages against potential pitfalls, including compliance 

complications, governance uncertainties, and the operational demands of training staff in blockchain’s 

use. The hybrid approaches that store essential data off-chain and rely on cryptographic linkages are one 

way to reconcile blockchain’s immutability with healthcare’s data protection mandates. However, these 

strategies add additional layers of technology that require careful orchestration. 

Even with these constraints, blockchain’s capacity to securely unite fragmented data systems and 

foster trust among multiple participants remains highly relevant to healthcare’s core objectives—ensuring 

patient safety, driving down costs, and improving health outcomes [16]. As pilot projects continue to 

demonstrate feasibility, stakeholders across the healthcare spectrum—payers, providers, patients, 

researchers, and regulators—are developing a more nuanced understanding of how blockchain can be 

integrated into existing infrastructures without compromising compliance or reliability. In doing so, they 

are collectively navigating a complex but potentially transformative path toward a more interoperable, 

transparent, and patient-centric healthcare ecosystem. 
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