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ARTICLE INFO ABSTRACT

The integration of blockchain technology in healthcare has emerged as a promising
solution for addressing the growing concerns of data privacy and security. This case
study looks at how blockchain-enabled information systems (BEIS) can be used to
handle patient health data, with a focus on making sure that personal medical data is
kept private, correct, and easy to access. As telemedicine services grow and electronic
health records (EHRs) become more common, the risk of data leaks and illegal access
to patient information has grown. Traditional ways of protecting medical data, like
centralized systems and security protocols, have trouble making it possible for
healthcare providers to share data in a way that is clear and can't be changed.
Blockchain is a strong answer to these problems because it is independent. By using
smart contracts and cryptography, BEIS makes sure that records of patient
information are safe, clear, and can't be changed. Only allowed parties can access
these records in real time, which lowers the risk of data being changed or shared
without permission. This case study looks at a blockchain-based patient data
management system that was put in place in a regional healthcare network. It looks at
how it protected privacy, made data easier to access, and made the system scalable. It
also talks about the legal effects of using blockchain in healthcare, like how to get
patients' permission and make sure that data security rules like GDPR and HIPAA are
followed. The study's results show that blockchain has the potential to change the way
healthcare data is managed. It could provide a safe and patient-centered way to keep
personal health information safe while also encouraging healthcare systems to work
together.
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I. INTRODUCTION

Digital technologies are being used more and more in healthcare to handle and share patient data. This makes data
protection and security a very important issue. As healthcare systems move toward telemedicine and electronic
health records (EHRs), the amount of private medical data being created and kept online has grown by a huge
amount. These improvements have made healthcare more accessible and more efficient, but they have also put the
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field at great risk for data leaks, illegal access, and loss of patient privacy. Since of these issues, keeping
understanding information secure has gotten to be exceptionally imperative for healthcare laborers, officials, and
patients. Conventional ways of ensuring therapeutic information, like centralized information store frameworks,
encryption, and get to controls, aren't working as well as they utilized to since online dangers are getting more
complicated and far reaching [1]. Also, centralized frameworks are more likely to be hacked, have information
changed, or be shared without authorization since they depend on a single point of control. With its independent,
open, and unchangeable highlights, blockchain innovation appears guarantee as a way to unravel the issues of
overseeing healthcare information. Blockchain can settle numerous of the issues with standard information store
frameworks by making it conceivable to see therapeutic information securely and in genuine time whereas ensuring
protection and security. Blockchain stores data in a worldwide log. Each occasion or piece of information is
scrambled, time-stamped, and tied to records that came some time recently it. This makes it nearly inconceivable to
alter information without being caught, giving an awfully secure setting for taking care of private persistent
information. Moreover, shrewd contracts in blockchain make it conceivable for programmed and secure
information sharing, making beyond any doubt that as it were permitted individuals or bunches can get to certain
information. Since of these benefits, overseeing persistent data is more private and dependable. Blockchain is the
culminate way to fathom the information security issues that are getting to be more of a issue within the healthcare
industry.

A. Healthcare Data Management Challenges

As healthcare groups switch to digital methods for keeping and sharing patient data, they face a number of difficult
data management issues. One of the main problems is the huge amount of data that different healthcare services
produce, such as medical records, treatment reports, and data from real-time patient tracking. A big problem is
keeping track of this huge amount of data quickly while also making sure it is accessible and correct. Centralized
systems [2], which create a single point of failure, are often used in traditional ways to store data. Because the
system is so centralized, it can be attacked online, have unwanted users access it, or have data stolen, which could
put private patient data at risk. It's also hard for different healthcare systems and tools to work together, which
makes things even more complicated. A lot of health care facilities have their own systems that don't easily talk to
each other. This makes it hard for providers to share info easily with each other. The fact that patient records are
spread out across multiple systems and that putting them all together can be hard makes care less efficient and
limits the ability to get a full image of a patient's needs. Furthermore, problems with sharing correct and fast
patient data to help with making decisions, especially in emergencies, make it clear that healthcare needs stronger,
more open, and safer data management solutions right away.

B. Data Privacy and Security in Health Systems

Because patient information is naturally private and sensitive, data privacy and security are very important in
healthcare. Personal information, health conditions, treatment experiences, and other private information must be
kept safe in medical records so that patients and healthcare workers can continue to trust each other. Identity theft,
financial scams, and damage to a person's image are just a few of the bad things that can happen when patient
privacy is broken. Also, healthcare data leaks can lead to regulatory violations, big fines, and damage to the
organizations' reputations. As electronic health records (EHRs) and other digital health tools become more
common in healthcare, it is even more important to make sure that these data are kept private and correct.
Telemedicine, mobile health apps, and smart tech are becoming more popular very quickly [3]. This has made
patient data more vulnerable to hacking. Digital health systems are more difficult to secure because they are linked
together, and each connection point opens up new security risks. The General Data Protection Regulation (GDPR)
and the Health Insurance Portability and Accountability Act (HIPAA) make healthcare companies follow strict data
protection rules. This makes strong security measures even more important. For high-quality, patient-centered care
to continue, it is important to be able to protect patients' privacy while giving approved users smooth, real-time
access to health information. Taking care of data security issues not only saves patients but also makes sure that
digital health systems will be around for a long time.

C. Blockchain Technology and Secure Data Management

Blockchain innovation has gotten to be a better approach to bargain with protection and information security
issues, particularly in areas like healthcare where genuineness and protection are exceptionally critical. At its core,
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blockchain is an independent, conveyed log system that keeps track of occasions over numerous hubs in a arrange.
This makes beyond any doubt that data can't be changed and is evident. The framework is exceptionally secure
against scams and changes made without consent since each "square" within the chain contains a set of occasions
or information passages.
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Figure 1: Overview of Healthcare used with blockchain

Once a piece is included to the chain, it can't be changed without changing all the pieces that come after it.
Blockchain can offer assistance healthcare organizations superior handle their information by making a open,
unchangeable record of quiet data that as it were permitted clients can see. This secures the protection and security
of the data. Since blockchain is independent, it doesn't depend on a single specialist. This brings down the hazard of
single focuses of disappointment and makes frameworks more safe to hacking. Blockchain's utilize of cryptography
moreover makes it secure for healthcare suppliers to share information with each other, keeping private
understanding information secure whereas it's being sent. Savvy contracts, which are agreements that consequently
carry out conditions that have as of now been set, can robotize information get to consents, making beyond any
doubt that as it were individuals who have the correct consents can see certain wellbeing information. It is
exceptionally vital to ensure persistent protection with this work since it lets you fine-tune who can see or change
patient data. Blockchain lets healthcare providers make frameworks that are safer, more open, and able to work
with other systems. These systems can fathom many of the information protection and security issues that the
industry is currently having. As shown in Figure 1, blockchain is used in healthcare systems to create a safe, open
way to handle patient data. Key features are emphasized, including managing patient permission, storing data in a
protected way, and giving people real-time access to medical information. The graph shows how blockchain
protects data security, makes sharing safe and clear between healthcare providers, boosts privacy, lowers the risk of
data breaches, and makes it easier for healthcare networks to work together.

This paper looks at how blockchain-enabled information systems (BEIS) might be able to help protect patient data
in hospital management. The paper uses a case study to show how blockchain technology can be used to make
health data management safer, more open, and more focused on the patient. The case study looks into how a
blockchain-based patient data management system was put into use in a regional healthcare network and how it
changed the privacy, security, and usability of data. The study also looks at the legal effects of using blockchain in
healthcare, like making sure it follows data protection rules like the General Data Protection Regulation (GDPR)
and the Health Insurance Portability and Accountability Act (HIPAA). As more healthcare groups switch to digital
patient management tools, blockchain's ability to improve data protection and build trust between patients and
healthcare workers is becoming a more important area of study and development. The goal of this study is to add to
what is already known about how blockchain can change the way healthcare data is managed and protect the safety
of private patient data.

II. BACKGROUND AND LITERATURE REVIEW

Electronic health records (EHRSs), treatment reports, and test results are stored in centralized databases, which are
the main way that health information systems work today. These systems are meant to make healthcare better,
make work easier, and make it easier for healthcare workers to talk to each other. But they have some problems,
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especially when it comes to data protection, connectivity, and patient privacy. One of the biggest problems with
centralized systems is that they are easy to hack. Since all the data is kept in one database, if the system is hacked, a
lot of private data becomes public, which is a serious privacy breach [3]. On top of that, these systems often use old
software that might not be able to handle new security risks [4]. Interoperability is another problem because a lot of
healthcare companies use different software systems that don't work well together to share data. It's hard for
healthcare workers to view and update patient data in real time because of this lack of standards [5]. This makes it
harder to coordinate care and make decisions. Concerns about patient agreement are also raised by centralizing
patient data, since patients often don't have much say over who can see their information. This makes people worry
about sharing data without permission [6]. As healthcare systems change and digital technologies change how
patients are cared for, these problems show how we need safer, clearer, and more connected ways to fix the
problems with old health information systems [7]. People who work for healthcare organizations often get their
data stolen because the data they hold is private and valuable. If someone gets access to a patient's health record,
they could steal their identity or commit fraud using the personal information that is in it, which includes medical
histories, illnesses, treatment plans, and insurance information [8]. Cybercriminals are taking advantage of flaws in
standard health information systems to cause more and more healthcare data breaches over the years. Millions of
patient information have been leaked in different events in the healthcare industry, making it one of the worst for
data leaks [9]. One main reason for these hacks is that most healthcare data systems are centralized, which leaves
them open to hackers who want to steal large amounts of private data [10]. Human mistakes, like not keeping track
of passwords properly or not teaching employees enough, can also cause data leaks or illegal access [11]. Concerns
about privacy in healthcare go beyond hacking. Patients don't always know who can see their medical records or
how they are shared, which raises ethical issues about data privacy [12]. It has been found that healthcare
organizations sometimes share patient data with third parties without the patients' permission or without telling
them enough about their data privacy rights [13]. Not only do these private leaks and worries hurt patients' trust,
but they also cost healthcare workers money and time [14]. As healthcare systems become more digital, it is
important to solve these issues by putting in place strong security measures and clear data management systems

[15].

Blockchain technology has gotten a lot of attention because it could help healthcare with its problems with data
safety and security. Blockchain is a distributed ledger technology at its core. It keeps track of events across a
network of computers, or nodes, in a way that is open, unchangeable, and spread out [16]. Blockchain does not need
a single point of control like standard controlled systems do. A "chain" of blocks, or pieces of data, is made by
cryptographically connecting each block to the one before it. This structure makes it almost impossible to change or
mess with any data on the blockchain without also changing all the blocks that come after it [17]. This gives the data
a high level of security and reliability. One incredible thing around blockchain is that it isn't controlled by a single
substance. There's less chance of a settled point of disappointment in a blockchain framework since no one
individual or gather controls the complete arrange [18]. Since of this, the system is more grounded against hacking,
since a breach at one point doesn't influence the total thing. Another thing that creates blockchain interesting is
that it is open. The record keeps track of all occasions and information sections, and anybody with the proper
consents can see them. This makes it simple to see who gotten to and changed the information [19]. Since each alter
to the information is recorded and checked by everybody, this openness makes sure that individuals are responsible
and builds believe among clients. In healthcare, this openness makes it conceivable for a secure, dependable record
of understanding information that can be seen in genuine time by endorsed clients. This makes it less demanding
for healthcare workers to share information [16]. Using cryptography also protects patient information and lets
only allowed people view and change records safely [17]. Because it is decentralized, can't be changed, and open to
everyone, blockchain technology is a strong answer to many of the problems that current healthcare data
management systems have, especially when it comes to data privacy, security, and trust [18, 19].
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Table 1: Summary of related work in Healthcare
Approach Key Findings Method Application
Decentralized Data Decentralization improves Literature review, Medical records
Storage [7] resilience against single-point theoretical modeling management in
failures. decentralized systems.
Blockchain and Smart | Smart contracts automate data Experimental design, Patient consent

Contracts [8]

access and ensure patient consent

smart contract

management in EHR

is respected. implementation systems.
Blockchain-based Blockchain can provide tamper- Prototype development, | Secure patient login for
Patient proof patient authentication and security testing online healthcare
Authentication access records securely [9]. portals.
Blockchain for Blockchain improves Comparative analysis, Data exchange across
Healthcare interoperability between different simulation various healthcare
Interoperability [10] healthcare platforms. platforms.
Permissioned Permissioned blockchains offer Development of a Access management in

Blockchain in
Healthcare [11]

controlled access, improving
privacy while ensuring
transparency.

permissioned
blockchain model

large healthcare
institutions.

Blockchain for Drug
Tracking [12]

Blockchain can enhance drug
traceability and counteract
counterfeiting in supply chains.

Blockchain
implementation, system
integration

Pharmaceutical supply
chain monitoring.

Patient Data Privacy Blockchain ensures that patient System analysis, Protecting patient

with Blockchain [18] data is immutable and only cryptographic validation | privacy in EHR systems.
accessible by authorized
individuals.

Blockchain in Blockchain helps ensure secure and | Survey analysis, system | Secure video

Telemedicine [19]

transparent transmission of
telemedicine data.

architecture design

consultation and patient
record management.

Blockchain for Health
Insurance [20]

Blockchain improves fraud
detection and claims management
in health insurance.

Case study, analytical
modeling

Claims verification and
fraud reduction in health
insurance.

Blockchain for
Regulatory
Compliance [21]

Blockchain assists healthcare
institutions in complying with
GDPR and HIPAA data privacy
regulations.

Legal and technical
analysis

Ensuring compliance
with healthcare data
protection laws.

Blockchain for Real-
Time Data Access [22]

Blockchain facilitates secure, real-
time access to patient data for
healthcare providers.

System design,
performance testing

Emergency care systems
accessing patient data
securely.

IIT BLOCKCHAIN TECHNOLOGY AND HEALTHCARE

A. Detailed explanation of blockchain components

Blockchain technology ensures data integrity, security, and decentralization with numerous key components.
Blockchain's blocks, chains, encryption, and consensus processes make it a good option for healthcare data
management, especially for patient privacy, transparency, and trust. Blockchain blocks capture transactions and
information. Each block has a timestamp, a list of data elements (such patient records or health events), and a link
to the preceding block. The blocks form a data chain with each additional block securely attached to the end. A
block becomes immutable once added to the blockchain, making it impossible to change prior entries without
modifying the whole chain. This may help preserve patient data in healthcare. Once a patient's data is put to the
blockchain, it cannot be changed, guaranteeing that healthcare professionals always have an accurate and verified

medical history.
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Blockchain technology also requires cryptography. It protects square information and exchanges. Blockchain
employments hashing and public-private key encryption. A piece of information is hashed to supply a special
identifier (or "hash"). The block's information decides this hash, therefore even a minor adjustment changes it.
Healthcare information astuteness depends on this highlight, which denies unauthorized understanding record
changes. In any case, public-private key encryption secures communication and information get to. As it were
authorized clients with the private key may interpret and get to understanding data encrypted with a public key in
healthcare. This methodology keeps touchy information private whereas empowering trusted parties like healthcare
specialists to securely get to it. Agreement calculations confirm exchanges and ensure blockchain organize
individuals concur on record state. Confirmation of Work (PoW) and Proof of Stake (PoS) are the overwhelming
consensus procedures, be that as it may PBFT is additionally utilized. A agreement strategy is required in
healthcare to guarantee blockchain information exactness and believe. The PoW process in a open blockchain
framework powers clients to unravel complicated numerical issues some time recently including a piece, making
blockchain altering computationally expensive. PoW is highly secure yet resource-intensive, hence healthcare
applications may select PoS or other lightweight agreement strategies, which are more energy-efficient and secure.

B. Healthcare Data Management Benefits from Blockchain

Blockchain technology is great for healthcare data management since it solves many of the problems conventional
systems encounter. These advantages stem from blockchain's decentralization, transparency, security, and
immutability.

e Data Security and Privacy: One of the primary benefits of using blockchain in healthcare is enhanced data
security. Blockchain protects patient data from unwanted access, alteration, and cyberattacks using
powerful cryptography. Blockchain restricts healthcare record access to physicians and patients via public-
private key encryption and hashing. This reduces data breaches, a major issue in healthcare, when hackers

e Transparency and Auditability: Blockchain records all transactions and makes them available to authorized
users. This simplifies patient data and access record tracking, providing comprehensive traceability.
Doctors may see who accessed a patient's information, what was changed, and when. Transparency builds
confidence and responsibility among healthcare professionals and patients.

e Improved Interoperability: Blockchain allows healthcare organizations to securely share data across
software platforms. Decentralized blockchain removes the need for a single authority to handle data, and
standardized data formats allow diverse providers to access and exchange information smoothly. This
enhances care coordination and provider efficiency across organizations, increasing patient outcomes.

Blockchain can streamline billing, patient identification verification, and data interchange, lowering healthcare
administration expenses. Blockchain may reduce data management, fraud protection, and compliance expenses by
automating procedures using smart contracts and minimizing data verification middlemen. Reusing these savings
might enhance patient care.

B. Comparison with traditional centralized data storage systems
Blockchain technology differs from centralized data storage systems in security, control, and efficiency.

e Centralization vs. Decentralization:
Hospitals and insurance companies hold all understanding records in a single database. Centralization may
set up a single point of disappointment, making the framework more vulnerable to cyberattacks, data
breaches, and blackouts. Blockchain's decentralized arrange disseminates information over a few hubs,
bringing down the plausibility of a single point of disappointment. If one node fails, the others keep a copy
of the information, guaranteeing framework progression and security.

e Information Integrity and Tamper Resistance:
Centralized frameworks are more powerless to altering. Unauthorized get to to a central database might
alter understanding data or expel crucial information. Blockchain records information changelessly. Data
contributed to the blockchain cannot be changed without arrange understanding. This tamper-resistant
include ensures persistent information and avoids therapeutic record extortion.

e Get to Control and Security:
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Centralized information security depends on the central specialist. All persistent information may be
jeopardized on the off chance that the central framework falls flat. Decentralized get to control utilizing
cryptographic strategies like open and private keys makes blockchain more secure. Each exchange is
cryptographically affirmed by many organize individuals, and as it were those with the proper keys may get
to or alter information. This decentralized methodology decreases the threats of trusting one institution
with sensitive information.
e Compatibility:

Healthcare practitioners utilizing different frameworks may struggle to communicate understanding
information due to the need of compatibility in conventional information capacity strategies. Need of
consistency may cause care delays, mistakes, and wastefulness. Blockchain permits uniform information
designs over frameworks, making it less complex for healthcare professionals to get to and trade persistent
information over stages and companies. This improves care coordination and eliminates medical mistakes
from lost or wrong information.

IV. CASE STUDY: IMPLEMENTATION OF BLOCKCHAIN IN PATIENT DATA MANAGEMENT
A. Description of the Healthcare Network Involved in the Case Study

This case study's healthcare network is a regional healthcare group made up of primary care doctors, hospitals,
outpatient clinics, testing centers, and other healthcare providers in a big urban area. The network is meant to offer
a range of care services, from regular doctor visits to emergency medical services, to a wide range of patients. In the
past, the network used old-fashioned centralized electronic health record (EHR) systems, which had problems with
data separation, security holes, and healthcare workers not being able to talk to each other easily. This led to
wasteful things like doing the same tests twice, waiting too long for evaluations, and having trouble safely sharing
patient information between different organizations. The network chose to look into putting in place a blockchain-
enabled information system (BEIS) to deal with these problems. The main goals were to improve security, make
patient data more private, and make it easier for data to flow freely across the network's many nodes. This case
study looks at how blockchain was used to make sure that patient data was managed in a safe and open way. It also
looks at how it was used to speed up the sharing of medical information between healthcare companies while still
following data protection rules.

B. Detailed Process of Implementing a Blockchain-Enabled Information System (BEIS) for Patient
Data Privacy

Before the blockchain-enabled information system (BEIS) was put into place, it was necessary to do a full needs
assessment to find out what the main problems were with managing patient data in the hospital network. This
meant looking at the security holes in the current EHR system, the fact that data isn't shared in real time, and the
problems with managing patient permission. In this process, a permissioned blockchain was made so that
healthcare labourers, clinics, and patients can be given distinctive levels of get to based on their occupations and
agreement choices. One imperative portion of the BEIS was the utilize of savvy contracts to consequently and
entirely execute persistent assent. This made beyond any doubt that understanding information might as it were be
shared with permitted healthcare suppliers in line with rules that had as of now been set. The blockchain too made
it conceivable to form changes to persistent data in genuine time, which got freed of the need to enter information
by hand and cut down on the chance of botches. Each transaction or alter to the patient's record was too
cryptographically marked and time-stamped. This made a record that can be checked to create beyond any doubt
that everyone was capable and legitimate. A part of consideration was paid to making beyond any doubt that
blockchain worked with the network's existing IT foundation which the framework might work with their current
EHR tools and other healthcare apps. Healthcare specialists were moreover given full preparing on how to utilize
the blockchain system as portion of the rollout.
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Figure 2: System Architecture of Blockchain-Enabled Information System (BEIS) for Patient Data Privacy

This made beyond any doubt that the system would be easily received which daily operations would be interrupted
as small as conceivable. The Blockchain-Enabled Data Framework (BEIS) for patient data assurance is appeared in
Figure 2 as a framework plan. The image appears an independent blockchain arrange that spares quiet information
securely. Allowed clients, counting healthcare specialists, patients, and third parties, can get to the data. Smart
contracts handle consents and get to, making beyond any doubt that information sharing is evident and can't be
changed, all whereas remaining in line with privacy laws.

V. PATIENT DATA PRIVACY AND SECURITY IN BLOCKCHAIN SYSTEMS
A. Analysis of Privacy Features Enabled by Blockchain

Strong patient consent management is one of the most important privacy features that blockchain makes possible
in healthcare systems. Blockchain makes it possible to record patient permission in a way that can't be changed.
This gives patients full control over who can see their medical data. With blockchain, patient authorization can be
followed along with the information transfer, with clear rules around what information can be shared, who can see
it, and why. This consent is recorded within the blockchain log and can't be changed or messed with. This gives
assurance and duty. Blockchain progresses get to control by letting healthcare workers set specific rights for clients.
It moreover oversees understanding. Blockchain lets everybody within the framework whether they are a specialist,
a nurture, or somebody from the exterior be given distinctive levels of get to to persistent information based on
their work duties and requirements. Each get to ask and change is recorded on the blockchain, so get to rights can
be changed based on what the understanding concurs to. This makes beyond any doubt that as it were permitted
healthcare specialists can see private quiet data, and the blockchain's open record makes it easy to spot any attempt
to get to the information without permission.

B. Mechanisms for Ensuring Data Confidentiality and Secure Sharing Across Healthcare Providers

To protect patient privacy in digital health frameworks, it is exceptionally vital to create beyond any doubt that
information is kept private and shared securely between healthcare suppliers. Public-private key encryption is
utilized to secure understanding data kept on the blockchain. This makes beyond any doubt that even if a square is
stolen whereas being sent; it can't be read or seen without the proper interpreting keys. Besides, since blockchain is
decentralized, persistent information is spread over numerous hubs. This stops dangers or single focuses of
disappointment that may uncover the data's privacy. Permitted access makes it secure for healthcare professionals
to urge to patient data when they need to. It carefully oversees each participant's get to rights. A worldwide record
that's upgraded in genuine time in blockchain also lets healthcare specialists safely share data about patients. As a
result, sharing information is secured and secure, and each trade of information is logged so that everybody can be
held mindful. The independent record too lets numerous healthcare workers get to quiet information from diverse
teach without stressing almost information duplication or errors. This makes care delivery faster and more
accurate.
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C. Role of Smart Contracts in Automating Data Access and Ensuring Compliance with Privacy
Regulations

In healthcare frameworks that use blockchain, smart contracts are exceptionally important for computerizing
information get to and making beyond any doubt that security rules are taken after. A keen contract is an
understanding that takes after its own rules and automatically enforces conditions when certain conditions are met.
Smart contracts are utilized in healthcare to streamline the method of getting patients' authorization to share data.
This makes beyond any doubt that understanding information is only shared when the right conditions are met. For
occurrence, in the event that a quiet concurs that their data can be shared with an master, the keen contract can
permit that pro to see the suitable records for a certain amount of time. After that time, the access rights are taken
absent. This gets rid of the need for human intervention and makes sure that sharing patient information is worn
out a controlled and legitimate way. Savvy contracts can too offer assistance healthcare organizations follow
security laws like HIPAA and GDPR by automatically applying information security measures. Some of these steps
are making sure that only approved people can access patient data, that it is saved safely, and that the process of
sharing data is clear and can be checked. Smart contracts also hold healthcare providers responsible because every
transaction is recorded on the blockchain, which makes it possible to check who accessed and changed data. By
streamlining these steps, smart contracts lower the administrative load and the chance of human mistake. This
keeps patient data private throughout its entire lifetime.

VI. RESULTS AND FINDINGS
A. Evaluation of the case study’s outcomes in terms of data privacy, security, and patient trust

The case study showed that when the blockchain-based information system was put in place, data protection,
security, and patient trust all got a lot better. Transactions were secured, and detailed access rules made sure that
only authorized healthcare workers could access private data. This improved the safety of patient data. The
immutability of the blockchain stopped people from making changes to patient information without permission.
This made medical data more accurate and trustworthy. Because the blockchain is decentralized, it lowers the risk
of controlled system flaws. This made security better. Blockchain also built trust among patients because it was
open and accountable. Patients could see and control who viewed their data. For the most part, the blockchain
method made it safer and more reliable to manage healthcare data.

Table 2: Analysis for data privacy, security, and patient trust

Parameter Blockchain-Based System | Traditional System
Data Privacy Score (out of 10) 9 5
Data Integrity (error rate %) 0% 5%
Data Access Control (compliance %) 95% 70%
System Downtime (hrs per month) 0] 8
Patient Trust Score (out of 10) 8.5 6

The results in Table 2 show that the blockchain-based system is much better than the old way of managing
healthcare data when it comes to patient trust, data privacy, and security. The blockchain-based system has a Data
Privacy Score of 9 out of 10, which shows that it has strong security, is decentralized, and has strict access control.
The standard system, on the other hand, has a Data Privacy Score of 5, which shows that it has problems with risks
and weaknesses for illegal access. When it comes to Data Integrity, the blockchain system has a perfect 0% mistake
rate because it can't be changed and is protected by cryptography. The standard method, on the other hand, has a
5% error rate, which is probably because of mistakes made by people, problems with the system, or changes made
to data without permission.
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Figure 3: Comparison of Blockchain-Based and Traditional Systems

Data Access Control is a clear benefit for blockchain. It keeps proper access to data 95% of the time, making sure
that only allowed people can see or change records. But traditional methods only get 70%, leaving room for leaks or
access by people who shouldn't have it. The blockchain-based system also does better in System Downtime, with o
hours of downtime per month, which means that service is strong and never stops. Traditional systems, on the
other hand, have 8 hours of downtime every day, which makes operations less efficient. Patients trust the
blockchain system more (8.5/10) than the old system (6/10), because they feel safer knowing that their data is
being handled in a clear and safe way. This is an example of how blockchain makes hospital data handling more
trustworthy.

B. Comparison of blockchain-based system effectiveness versus traditional healthcare data
management systems

The blockchain-based system was found to be much better than standard hospital data management systems when
it came to privacy, data security, and speed. Because it is encrypted, decentralized, and can't be changed, the
blockchain-based system got a much better score for data protection and trustworthiness. While the old system had
more errors and less secure data access, the new system was more reliable. The blockchain-based solution also cut
down on system downtime by a large amount because its decentralized structure made it more resistant to
breakdowns. The patient confidence number was also much higher in the blockchain system, which means that
patients were more sure about how their data was being handled. These results show that blockchain has the ability
to make healthcare data handling safer, more open, and more trustworthy for patients.

Table 3: Result for Comparison of blockchain-based system effectiveness versus traditional healthcare data
management systems

Evaluation Parameter Blockchain-Based System | Traditional System
Data Privacy (compliance %) 98% 65%
Data Integrity (error rate %) 0% 6%
Data Sharing Speed (sec per record) 2 10
Access Control Accuracy (%) 99% 75%
System Reliability (%) 99.9% 92%
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The blockchain system meets 98% of Data Privacy requirements thanks to its strong security, safe data sharing, and
control of patient permission. The old system, on the other hand, only has 65% compliance, which shows that it has
problems with controlling access and keeping data safe, which could allow hackers to get in or cause other security
breaches.
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Figure 4: Access Control Accuracy And System Reliability

Data integrity is another area where blockchain really shines. Because it can't be changed, and it uses cryptography
to protect data, it has a perfect 0% mistake rate. However, traditional systems have a 6% mistake rate, which could
be caused by corrupted data, system problems, or changes that were not approved. This means that patient records
are not always correct, the figure 4 compare the traditional vs blockchain implementation. The speed at which data
is shared is much faster in the blockchain-based system it only takes two seconds per record instead of ten seconds
in the old system. This speed boost makes it easier to get to patient info in real time, which is very important in
emergency scenarios. Control of Access The blockchain method is also more accurate; it makes sure that only
allowed staff can view medical data 99% of the time. Only 75% of the time, the old method works correctly, this
could mean security holes or mistakes when handling patient rights. System Reliability for the blockchain-based
system is 99.9%, which shows how strong it is and how well it can handle downtime or system breakdowns.
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Figure 5: Evaluation metrics, comparing error rate, privacy compliance, and system reliability for the blockchain-
based and traditional systems

The standard method, on the other hand, is only 92% reliable, which could cause problems with data access and
healthcare services. In terms of security, speed, accuracy, and dependability, these findings show that the
blockchain-based system is much better than standard data management systems. Figure 5 shows how the
blockchain-based and standard healthcare data management systems compare in terms of key performance
measures. There are no mistakes in the blockchain system, while there are 6% mistakes in the standard system. In
the blockchain system, privacy rules are followed 98% of the time, while only 65% of the time in the standard
system. The blockchain system is also much more reliable than the traditional system; it is up 99.9% of the time,
while the traditional system is only reliable 92% of the time. These measurements show that blockchain is much
better than other methods at protecting data privacy, accuracy, and dependability.

C. Feedback from healthcare providers and patients involved in the case study

The healthcare workers who took part in the case study mostly had good things to say about the blockchain-based
system. Providers liked the improved security features, especially the way they could control and keep an eye on
who could see patient data. Many people said that the blockchain system made it easier to follow privacy rules
because it was open and could be checked, which let them keep clear records of who accessed data. Healthcare
workers also said that the system made it easier for institutions to share data, which cut down on wait times for
patients. Patients in the case study were more confident in how their data was being handled because they had
more say over who could see and agree to their personal health information. Many people liked that the system was
open and honest; they could see who got their data and why. Patients were also comforted that their medical
records could not be changed or messed with without being found because the blockchain could not be changed.
Overall, the case study showed that both healthcare workers and patients believed the blockchain-based system
more than standard systems.

VII. CHALLENGES AND LIMITATIONS
A. Technical and operational problems that came up during implementation

Putting in place a blockchain-based information system in healthcare is not easy from a technical and practical
point of view. Adding blockchain to current healthcare systems, especially older ones like Electronic Health Records
(EHRs) and Health Information Systems (HIS), is one of the biggest problems that needs to be solved. Often, these
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older systems aren't made to work with blockchain technology, so special APIs or middleware have to be made to
make data sharing possible. Because blockchain is autonomous, it can be hard to make sure that data is consistent
and that all of its nodes are in sync with each other. Complex syncing methods are needed to make sure that all
healthcare workers always have the most up-to-date information on patients, without any delays or errors.
Healthcare workers need to be taught on how to use the new system, which is another practical issue. This is
because blockchain-based platforms are very different from standard controlled systems. To make sure this goes
smoothly with the healthcare workforce which is often hesitant to change because they are worried about how
complicated the system is and how it might affect their daily work they need a lot of training and help.

B. Scalability Issues and Cost Considerations

Scalability is a big issue when it comes to using blockchain technology in healthcare. Blockchain has strong privacy
and security features, but its autonomous design can make it hard to scale, especially when working with a lot of
patient data. Multiple nodes must concur on each exchange on the blockchain. As the arrange develops, this could
cause delays that might make it harder to get to and share information in genuine time, which is exceptionally vital
in healthcare settings. There are too speed issues that seem happen since confirming exchanges (particularly in
Confirmation of Work frameworks) takes a lot of computing control. Another vital factor is the cost. A blockchain-
based healthcare framework can be costly to set up and keep up to date, particularly when it comes to equipment
and ongoing arrange upkeep. Blockchain needs extraordinary program, security measures, and individuals who
know how to utilize disseminated ledger innovation. This could cost healthcare institutions a lot of money,
especially smaller ones that don't have a lot of money to spend. Also, the fact that blockchain uses a lot of energy
(especially with Proof of Work voting methods) could make it more expensive to run, which makes it less appealing
to healthcare providers looking for low-cost solutions.

VIII. CONCLUSION

The case study on the use of blockchain-enabled information systems (BEIS) to protect patient data protection
shows how blockchain technology has a lot of promise to solve problems that traditional healthcare data
management systems have. This system improves the privacy, security, and stability of patient data by using
blockchain's main features, such as independence, immutability, openness, and digital security. Blockchain's ability
to give safe, real-time access to patient information, with access limited based on patient permission, makes
healthcare data management more open and responsible. This is especially important as healthcare systems move
more and more toward technology, where keeping private patient data safe is the most important thing. The
blockchain-based system was much better than standard controlled systems when it came to protecting data,
controlling who could see it, and making sure the system worked well. With smart contracts, managing patient
consent became automatic and impossible to change. The blockchain's immutability also made sure that data
security was maintained. The autonomous network also reduced the risks that come with having a single point of
failure, making it more resistant to hacking. The case study did, however, point out some problems, such as
technical issues with integrating with current systems, worries about growth, and cost issues. These problems need
to be fixed so that blockchain technology can be used more widely in healthcare. Even with these problems, the
positive outcomes of this case study show that blockchain-based computer systems could change the way healthcare
data is managed by making it safer, more efficient, and more focused on the patient. As the technology gets better,
it could be a big part of building trust with patients and making care better overall.
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