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Abstract 
Blockchain technology, renowned for its transparency and security, is poised to revolutionize the healthcare industry. Operating on a 
decentralized network, each block in the blockchain serves both as an independent data repository and a critical link in the collective chain. In 
healthcare, this translates to many potential applications, from bolstering mobile health apps and improving monitoring devices to enabling 
secure storage and sharing of electronic medical records. In addition, blockchain holds promise for managing clinical trial data and optimizing 
the storage of insurance information. Despite limited current research, blockchain’s transformative potential in healthcare is undeniable. With its 
decentralized architecture, blockchain can empower patients, granting them greater control over their healthcare journey while addressing 
pressing issues related to data security and accessibility. 
As blockchain technology continues to evolve, its influence on healthcare is set to reshape industry dynamics. Patients will become central 
actors in their care management, shifting the traditional healthcare hierarchy. Blockchain’s unique ability to combine transparency, security, and 
decentralization positions it as a catalyst for a new era in healthcare, marked by patient-centric care and enhanced data protection. This paper 
explores the revolutionary role of blockchain in healthcare, shedding light on its capacity to empower patients and fortify the security of 
sensitive medical information, paving the way for a more transparent and patient-focused healthcare system. 
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1. Introduction 
Electronic Health Records (EHRs) were originally designed 
with good intentions but struggled to cope with the 
complexities of medical records spread across multiple 
healthcare providers and a patient's lifetime [1]. As patients 
transition between different healthcare facilities, their medical 
data becomes scattered, making it difficult for them to access 
their complete medical history. The resulting fragmented data 
and interoperability challenges hinder the sharing of critical 
information and create obstacles for patient engagement and 
medical research. Recognizing these challenges, this research 
explores the potential of blockchain technology as a solution. 
Blockchain, known for its success in various sectors, 
including healthcare, offers a promising solution [2]. It has a 
huge impact on the Healthcare sector. It can establish secure 
connections between patients and various stakeholders such 
as insurance providers, hospitals, and doctors, ensuring the 
privacy and integrity of personal health records. This study 
investigates how blockchain can be applied in the medical 
field, including managing electronic medical reports, online 
patient monitoring, and the supply chain of medications and 
health claims. It also addresses the limitations and suggests 
avenues for further research. 

In simple terms, [3, 4] blockchain is a technology that stores 
data in blocks, each with a timestamp, and operates in a 
decentralized manner across computer networks. Its 
advantages include enhanced security, transparency, and cost 
reduction. In the realm of healthcare, blockchain has the 
potential to resolve issues related to data distribution, privacy, 
and the quality of care, ultimately leading to improvements in 
healthcare service delivery. By leveraging blockchain 
technology, we aim to address the challenges of fragmented 
medical records, enhance patient empowerment, and improve 
the quality and authenticity of medical data, all while ensuring 
data remains secure and auditable. 
In a rapidly evolving healthcare landscape, blockchain has the 
potential to transform the way healthcare operates. It can 
empower patients, shift the focus toward patient-centric care, 
and reinforce the security of sensitive medical information. 
This paper explores the revolutionary role of blockchain in 
healthcare, illuminating how it can empower patients and 
fortify the security of medical data, ultimately paving the way 
for a more transparent and patient-centered healthcare system. 
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Fig 1: Revolution in Healthcare sector: (a) Blockchain market over 
the years and predictions for the future, (c) Evolution of the 

technologies used in EHR-systems 
 

 
 

Fig 2: Different parameters in the EHRs, 
 
2. Overview of Blockchain 
2.1. What is Blockchain 
Blockchain, originating in 2008 under the Bitcoin initiative, is 
fundamentally a decentralized network. It operates as a public 
ledger comprising a sequence of blocks that store a complete 
history of network transaction records [5, 6]. Each block is 
composed of a header and a body, with each block's hash 
connected to the next block's header, forming a continuous 
chain. Block headers often include timestamps, nonces 
(random numbers altered by miners to solve cryptographic 
puzzles), and Merkle trees to simplify transaction validation. 
Within the blockchain, transactions are small public task units 
validated by most network members, ensuring a seamless 
transfer of data. The blockchain's core principle is 
immutability, meaning both participants maintain identical 
ledger copies. Smart contracts are a key feature, self-
executing algorithms that encode business logic. Blockchain 
offers a decentralized, transparent, and secure ledger system 
where multiple copies of data are stored across various 
locations and devices in a peer-to-peer network. Security is 
ensured through cryptographic keys and network protocols, 
making data tampering virtually impossible. Smart contracts, 
a major application of blockchain, simplify contracting, 
monitoring, and payment processes, eliminating the need for 
intermediaries. While initially prominent in finance, 
blockchain is rapidly finding applications across diverse 
fields, including marketing and supply chain management, 
offering unified promotion actions, reducing intermediaries, 
and enhancing transparency. This unique database system, 

consisting of linked blocks, is revolutionizing data storage 
and security, underlining its potential for various sectors, 
including healthcare. 
 
2.2. How it Works? 
  

 
 

Fig 3: Blockchain Functionality 
  
In simple terms, blockchain is a distributed ledger technology 
that enables data to be stored on thousands of computers 
globally. It operates in a peer-to-peer (P2P) fashion, making it 
resistant to control by any single user or entity. This 
decentralized nature requires consensus among network 
participants regarding the rules and transaction history. 
Transactions on the blockchain are recorded in "blocks" 
linked together to form a continuous "chain." The chain 
expands as more transactions occur, and each entry becomes a 
permanent part of the ledger. The unique feature of 
blockchain is its immutability, meaning that once a 
transaction is recorded, it cannot be deleted or altered, 
providing a high level of security. 
Unlike traditional centralized systems with a single governing 
authority, blockchain operates without a central control point. 
Transaction records are distributed across all participants in 
the network, and cryptography ensures their security. This 
eliminates the need for intermediaries, such as banks, in 
facilitating transactions. 
 
2.3. Key features of blockchain technology include: 
i). Peer-to-Peer (P2P) Network: Blockchain, operating 

within a decentralized peer-to-peer (P2P) network, relies 
on a shared network involving multiple parties and 
interconnected nodes [7, 8]. Transactions, broadcasted to 
this decentralized network, emphasize the technology's 
commitment to decentralization and transparency. The 
transformative impact of blockchain is evident as it 
addresses inefficiencies, maintenance costs, and 
vulnerabilities inherent in traditional banking, offering a 
secure alternative through an interconnected and 
immutable chain of blocks secured by cryptography. The 
research delves into blockchain's practical 
implementation in large-scale e-commerce applications, 
highlighting its pivotal role in facilitating distributed 
transactions through digital ledgers. 

  
In the realm of digital currency, blockchain's applications, 
epitomized by Bitcoin, extend to providing a secure data 
format for state changes. Operating on a decentralized P2P 
network, it ensures secure database transaction processing, 
utilizing features like immutability to prevent tampering and 
enhance transaction integrity. The study further illustrates the 
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practicality of blockchain through a detailed example of a 
cryptocurrency transaction involving users A and B. The 
process, encompassing encryption, verification, and the 
addition of transactions to a block, underscores blockchain's 
secure and transparent handling of digital currency 
transactions. Key components such as transactions, blocks, 
nodes, mining, nonce, hash functions, and smart contracts 
constitute the fundamental building blocks of blockchain, 
emphasizing the importance of understanding these intricacies 
for navigating its transformative potential in decentralized and 
secure transaction systems. Once smart contract terms are met 
Payment is transferred. example in given figure  
 

 
 

Fig 4: Smart contract Terms 
  
ii). Cascaded Encryption: Blockchain secures transaction 

data through encryption, with each block's encryption 
relying on the results of the previous block. Public key 
cryptography is used, with each participant having their 
own public-private key pairs.[A Cascade Structure for 
Blockchain, Zhuyun Qi, Yan Zhang, Yi Wang, Jinfan 
Wang, Yu Wu 
https://www.researchgate.net/publication/330298520_A_
Cascade_Structure_for_Blockchain [9] A cascade 
structure of blockchain to address the historical 
performance issues hindering its deployment in specific 
areas like payment transfers and supply chain 
management. By incorporating microblocks in parallel 
between key blocks, this cascaded blockchain structure 
aims to enhance practicality and suitability for various 
scenarios. The research identifies several existing 
challenges in blockchain, including block capacity 
limitations, consensus issues, high transaction fees, and 
multicast transmission delays. Related works, such as 
Bitcoin-NG and other schemes altering blockchain 
structure or consensus mechanisms, are discussed as 
attempts to improve performance. 

 
The system design of the cascade structure is illustrated, 
emphasizing the modifications in consensus, block assembly, 
and block verification systems. The consensus system ensures 
uninterrupted mining during the reception of micro blocks and 

immediate restart upon key block verification. The block 
assembly system is redesigned to accommodate micro block 
headers and key block structures, while the block verification 
system involves steps to validate transactions and blocks. 
iii). Distributed Database: The blockchain is distributed 

across multiple computers, and no single entity controls 
the data or information. This decentralization eliminates 
the need for central authorities like banks. 

iv). Transparency with Pseudonymity: Every participant on 
the blockchain has a unique alphanumeric address, 
allowing users to choose between remaining anonymous 
or providing proof of identity. 

v). Irreversibility of Records: Once a transaction is 
recorded, it cannot be altered [10]. Records are permanent, 
chronologically ordered, and accessible to all participants 
on the network. 

 
In essence, blockchain offers a secure, decentralized, and 
transparent way of recording and verifying transactions, with 
the potential to revolutionize various industries by eliminating 
the need for intermediaries and ensuring the integrity of data. 
 
2.4. Blockchain in Healthcare 
Blockchain technology is a revolutionary tool in healthcare 
that has some unique qualities. It's decentralized, meaning 
there's no central authority that controls it. It's open, so 
anyone on the network can see what's happening in real-time. 
Plus, it doesn't require special permission to join. These 
characteristics make blockchain ideal for healthcare. 
One critical feature is immutability, which means that once 
data is recorded on the blockchain, it's permanent and can't be 
altered [11, 12]. This is great for securing sensitive health 
records, clinical trial results, and meeting regulatory 
requirements like HIPAA. Smart contracts are another key 
feature. They're like self-executing computer programs that 
ensure real-time monitoring of patients and healthcare 
interventions. All this happens securely and in compliance 
with privacy regulations. 
Blockchain also plays a vital role in pharmaceutical supply 
chains, helping combat counterfeit drugs. It streamlines the 
informed consent process, improves identity management, 
and ensures data quality. Patients can access their records in a 
private blockchain, enhancing data control. Importantly, the 
blockchain is incredibly robust against attacks and failures, 
providing excellent access control for healthcare data. 
To put it simply, blockchain in healthcare is all about secure, 
decentralized, and transparent management of data. It allows 
patients to have more control over their health records while 
keeping them secure. Healthcare providers, insurers, and 
researchers benefit from this innovative technology, as it 
ensures data accuracy and transparency across the industry. 
While blockchain's full potential in healthcare is still 
emerging, it promises to revolutionize how we manage and 
protect health data. 
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Fig 5: Expected growth of Blockchain growth 
 

2.5. Benefits of Blockchain in Healthcare 
Blockchain technology is revolutionizing many industries, 
including healthcare. By using blockchain, healthcare can 
improve data security, streamline operations, and empower 
both patients and healthcare professionals to deliver better 
care. [13] Blockchain is like a secure chain of data blocks 
with timestamps, including sensitive health information. It's 
managed by a decentralized network, ensuring transparency 
and safeguarding data with strong encryption. In the world of 
Internet 4.0, blockchain's enhanced security can significantly 
reduce breaches compared to traditional systems, making it 
hard to hack. In healthcare, blockchain has many benefits 
worth exploring.: 
i). Cost Savings: Using blockchain in healthcare can save a 

lot of money. It does this by making things like sharing 
medical records, managing medicine supplies, and 
processing insurance claims much faster and automatic. 
This means less paperwork and less time spent on 
administrative tasks, which ultimately cuts down on 
costs. Additionally, it helps prevent fake medicines from 
entering the healthcare system, which can also save 
money. 

ii). Enhanced Data Security: Healthcare data breaches, 
where personal medical information is stolen, are a big 
problem. Blockchain can help make your data more 
secure. It does this by spreading your data out in a way 
that makes it very hard to steal. Also, before any changes 
are made to your data, everyone on the network must 
agree, so it's much harder for someone to tamper with it. 

iii). Seamless Sharing of Patient Information: With 
blockchain, your medical data is kept secret and secure 
when it's shared between different healthcare providers. 
It's stored in a way that doesn't need one big boss to 
control it, which gives you and others control over who 
sees your data. 

iv). Transparency: Blockchain helps keep the healthcare 
system honest. Once something is written in the 
blockchain, it can't be secretly changed or deleted. This 
makes it easier to trust the system, especially when it 
comes to your medical data and medicines. You also 
have more say in who gets to see your data. 

v). Enhanced Efficiency: Blockchain keeps a safe record of 
your medical history. This means your information can 

be easily shared among different doctors and hospitals 
without you having to repeat yourself. It speeds up the 
healthcare system and keeps it organized. It also helps 
track the movement of medicines and equipment, making 
sure everything is genuine and not fake. 

vi). Efficient Claims Processing: When you need to make 
an insurance claim for medical expenses, blockchain 
helps make this process faster and more reliable. It's very 
clear and reduces the chances of mistakes or fraud. Smart 
contracts in blockchain can even automatically process 
claims once the conditions are met, which speeds things 
up a lot. 

 
2.6. Applications 
 

 
 

Fig 6: Different Application of Blockchain in healthcare 
 
i). Patient-Centric Electronic Health Records 
ii). In the healthcare system, many patient records are 

scattered and often not coordinated, leading to errors and 
complications. [14, 15] Blockchain offers a solution by 
creating a secure system for medical records. These 
records, such as prescriptions and lab results, are stored 
as unique codes, ensuring privacy. Patients and their 
doctors can access this information for better-coordinated 
care. 
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Fig 7: Patient Centric Electronic Health Records 
 

ii). Supply Chain Transparency 
Ensuring the authenticity of medical goods is crucial in 
healthcare.[16] Blockchain helps by tracking medical items 
from their production through the entire supply chain. This 

transparency allows customers to know the origin of the 
products they use, ensuring their safety. It's especially 
important in regions where counterfeit medicines pose a 
significant threat. 

 

 
 

Fig 8: Supply chain Transparency 
 

iii). Cryptocurrency Payments for Healthcare Services: 
This point is about how blockchain technology can make it 
possible to pay for your healthcare using digital currencies 
like Bitcoin. Imagine going to the doctor and instead of using 
traditional money, you can use something like Bitcoin to 
cover the cost [17]. This is because blockchain, a technology 
that underlies cryptocurrencies, can be used to securely and 
transparently handle these transactions. It's like using your 
phone to make a payment, but with a special kind of money 
called cryptocurrency. 
There is an Innovative Payment Models with Micropayments 
It’s talking about new and creative ways to pay for healthcare. 
One of these ways is through something called 
"micropayments." Micropayments are really small amounts of 
money, like tiny fractions of a dollar. Blockchain can be used 
to track and process these tiny payments. But here's the cool 
part: you can get rewarded for taking care of your health. If 
you stick to your doctor's advice and live a healthy lifestyle, 
the system can give you these little rewards in the form of 
micropayments. It's like a bonus for staying healthy. 
 

 
 

Fig 9: Cryptocurrency Payments 
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Fig 10: Secures Patient Data 
 
iv). Secures Patient Data: The security of patient data is 

paramount in healthcare [18]. Blockchain technology 
offers robust protection by maintaining all medical data 
in a decentralized and transparent system. While it's 
transparent, it also ensures privacy by encrypting data 
with intricate codes. This technology allows secure and 
rapid sharing of information among patients and 
healthcare providers, reducing the risk of data breaches.  

v). Analyses Outcomes of Specific Procedures: 
Researchers can access patient data to evaluate specific 
medical procedures. This real-time data analysis allows 

for improvements in patient care. It also keeps clinicians 
updated on a patient's condition and can provide 
immediate alerts for emergencies or prescribed 
treatments. This enhances the quality of care patients 
receive. 

vi). Avoids Dangerous and Costly Mistakes: 
Miscommunication between medical professionals can 
lead to costly errors. Blockchain solves this problem by 
decentralizing patient records, making information 
readily available to authorized personnel. Any changes to 
the data are automatically updated across the network. 
This ensures efficient and accurate data exchange, 
leading to quicker diagnoses and personalized care. 

vii). Supply Chain Management and Drug Traceability: 
Blockchain enhances the transparency and safety of the 
pharmaceutical supply chain. It records the journey of 
each drug from the laboratory to the consumer [19]. Each 
drug's information is stored in blocks with unique codes 
and timestamps. These transparent records show who 
handled the drug at each stage. This level of traceability 
reduces the risk of counterfeit drugs entering the market, 
ensuring patient safety. These records are visible to 
authorized parties, ensuring the authenticity of 
medications. Buyers can verify the legitimacy of their 
purchases by scanning QR codes and checking the supply 
chain details. This can be seen in the below figure:
  

 

 
 

Fig 11: Supply Chain Management 
 

viii). Reduces Data Transformation Time and Cost: 
Blockchain networks streamline data conversion, saving 
time and costs [19]. They also ensure the anonymity and 
privacy of patient data. Blockchain applications 
facilitate the secure transfer of monetary data while 
maintaining data value and privacy. Every data input is 
checked and recorded by each node in the network. 

ix). Breakthroughs in Genomics: The growing field of 
genomics benefits greatly from blockchain technology. 
[20] Blockchain securely stores vast amounts of genetic 
data and allows encrypted information sharing. This 
creates an extensive database for researchers to access 
relevant genetic data quickly. The cost-effectiveness of 
blockchain in genomics has significantly accelerated 
research in this area. 

 
2.7. Challenges 
Using blockchain in healthcare faces several [21] big 
challenges: 

ii). Cultural Shift: Many doctors still use paper records, 
so asking them to switch to electronic records on 
blockchain is tough. They might be used to leaving 
some information blank, which isn't allowed in 
electronic systems. Changing their habits and getting 
them to use new technology is a big job. 

iii). Complex System: Healthcare involves lots of different 
groups like doctors, insurance companies, and 
hospitals, each with their own ways of handling 
records. Making a single system, especially in a place 
like the United States with diverse healthcare, is hard. 
If any of these groups resist or don't want to use 
blockchain, it makes the whole system less useful. 

iv). Not Willing to Share Data: Some healthcare players, 
like hospitals and insurance companies, don't like to 
share their data. Keeping data to themselves can give 
them an advantage. Forcing them to share data can lead 
to problems, like getting different prices for different 
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patients. Sharing data is tricky when these groups are 
trying to make a profit. 

v). Government Focus: In the United States, healthcare is 
a topic of debate, and making changes with technology 
needs a lot of attention from the government. But the 
government's focus changes with each new President, 
so it's hard to make long-term plans. Short periods, like 
four or eight years, might not be enough to make such 
a big change. 

vi). No Central Authority: In healthcare, there isn't one 
group that can lead and make others use blockchain. 
There's no main organization to do this. Even when a 
challenge was set with a reward of $1 million for 
solving a healthcare problem with blockchain, no one 
has taken it up. This shows that not enough effort is 
being put into blockchain, which many people in 
healthcare don't even know about. 

vii). No Proven Use: Healthcare leaders won't adopt 
blockchain until they see it working well. So far, 
there's no clear example of it being successful. It will 
take many healthcare leaders, insurance companies, 
and the government to work together and take a risk to 
make this digital change happen. 

 
2.8. Simpler solutions for the challenges in using 

blockchain in healthcare: 
ii). Cultural Shift (Getting doctors to use blockchain): 
iii). User-Friendly Tools and Training: Make user-

friendly electronic record-keeping tools and give 
doctors training and support to switch from paper to 
electronic records on blockchain. 

iv). Complex System: (Dealing with different healthcare 
groups): 

v). Agree on Common Rules: Get everyone in healthcare 
to agree on common rules and ways of sharing 
information. Encourage doctors, insurance companies, 
and hospitals to work together. 

vi). Not Willing to Share Data: (Hospitals and insurance 
companies not sharing data): 

vii). Rewards and Fair Policies: Offer rewards or make 
rules that encourage hospitals and insurance companies 
to share data fairly. Explain the benefits of sharing data 
for better patient care and cost savings. 

viii). Government Focus (Government changing focus): 
ix). Long-Term Commitment: Ask the government to 

commit for a long time to support healthcare 
technology, no matter who the leader is. Create stable 
policies that support the use of blockchain in 
healthcare. 

x). No Central Authority (No one leading the way in 
healthcare): 

xi). Healthcare Groups Working Together: Encourage 
healthcare groups to work together and set common 
standards. They can form groups to make decisions 
about how to use blockchain. 

xii). No Proven Use (No clear examples of blockchain 
working in healthcare): 

xiii). Research and Test: Invest in research to show how 
blockchain can help in healthcare. Test it with small 
projects to prove that it works and saves money. 

xiv). Even though there are challenges, using blockchain in 
healthcare can make things better by saving money and 
making it easier to share information. But it will take 
cooperation and some risks from many parts of the 
healthcare system to make it happen. 

3. Conclusion 
Blockchain technology presents a transformative solution to 
many longstanding challenges within the healthcare industry. 
Its decentralized nature, combined with features such as 
immutability and smart contracts, offers unprecedented 
opportunities for securely managing sensitive medical data, 
enhancing patient empowerment, and streamlining healthcare 
processes. By leveraging blockchain, healthcare systems can 
overcome obstacles related to data fragmentation, 
interoperability, and security, ultimately leading to improved 
patient outcomes and industry efficiency. 
The benefits of blockchain in healthcare are vast, ranging 
from cost savings and enhanced data security to seamless 
sharing of patient information and transparency in supply 
chains. Despite the challenges of adoption, such as cultural 
shifts and the absence of proven use cases, the potential for 
blockchain to revolutionize healthcare remains undeniable. 
Through collaborative efforts and innovative strategies, 
including user-friendly tools, common standards, and long-
term government commitments, the healthcare industry can 
overcome these challenges and harness the full potential of 
blockchain technology. 
 
4. Future Scope 
Looking forward, blockchain has a bright future in healthcare. 
We need to keep studying and trying out blockchain ideas to 
show they really work and to solve any problems we still 
have. As blockchain gets better and more people use it, we'll 
see even more ways it helps patients, keeps data safe, and 
makes different parts of healthcare work together better. 
It's important for doctors, tech experts, government people, 
and researchers to work together to make blockchain work in 
healthcare. As blockchain gets more common, we'll find new 
ways to use it, like customizing treatments for patients based 
on their genes, managing genetic info securely, and running 
clinical trials in a way that's fair for everyone. 
To make sure blockchain fits smoothly into healthcare, 
everyone involved needs to cooperate. We'll have to figure 
out the rules and make sure everyone follows them. And we 
need to make sure everyone has a fair chance to use this 
technology. By using blockchain the right way and putting 
patients first, we can make healthcare better for everyone. 
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