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Abstract - Organ donation plays a critical role in saving
lives, yet traditional systems often struggle with issues such
as lack of transparency, data tampering risks, and
inefficient donor-recipient matching. This paper presents a
blockchain-based decentralized application (DApp)
designed to enhance the security, transparency, and
efficiency of organ donation and transplantation processes.
By leveraging smart contracts on a private Ethereum
blockchain, the system automates key operations including
donor registration, organ availability tracking, and
recipient prioritization, all while maintaining the integrity
of sensitive medical records. The use of a decentralized
architecture ensures that data is tamper-proof and
accessible only to authorized entities such as hospitals and
regulatory bodies. A queue-based organ allocation
algorithm is implemented to match recipients based on
medical urgency and compatibility factors like blood type
and organ requirements. The system is built using React.js
for the frontend and Solidity for smart contract
development, with Truffle and Ganache supporting local
blockchain deployment. This approach not only secures
sensitive health data but also improves the fairness and
responsiveness of organ distribution.
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l. INTRODUCTION

Organ donation is a critical aspect of modern healthcare,
offering a life-saving opportunity for patients suffering
from organ failure. Despite significant advancements in
medical technology, the gap between the demand for
organs and their availability continues to widen, leading to

thousands of preventable deaths each year. Current organ
donation systems, which are often centralized, opaque, and
vulnerable to data breaches, exacerbate this problem. These
issues hinder the efficiency and fairness of the organ
allocation process, making it essential to explore
innovative solutions that can improve the security,
transparency, and reliability of the entire process.

The existing organ donation and transplant systems are
plagued by several persistent challenges. Centralized
databases are susceptible to unauthorized access,
potentially compromising the privacy and integrity of
critical medical information. In addition, the organ
matching process is often slow, manual, and prone to
human error, which results in delays that can cost lives.
Moreover, the lack of transparency in organ allocation
processes leads to ethical concerns and public mistrust.
These systemic flaws highlight the urgent need for a more
secure, efficient, and transparent system to ensure that
organs are allocated in a fair and timely manner.

The primary goal of this research is to develop a
decentralized, blockchain-based organ donation system
that addresses the shortcomings of current systems. By
leveraging blockchain technology, the proposed system
aims to securely store and manage donor and recipient data
on a private, tamper-proof ledger. Additionally, the system
will use smart contracts to automate key processes, such as
donor registration, verification, and organ matching, while
ensuring privacy and transparency. A queue-based
matching mechanism will be implemented to prioritize
recipients based on medical urgency and compatibility,
improving the efficiency and fairness of organ allocation.
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This paper introduces a novel decentralized application
(DApp) that integrates blockchain technology with the
organ donation process. The system uses a private
Ethereum blockchain to store and validate medical data
securely, ensuring that records are immutable and
transparent. A smart contract-based organ matching
algorithm will take into account factors such as urgency,
blood type, and organ compatibility. A user-friendly
frontend, developed with React.js, will facilitate
interactions between donors, hospitals, and organ banks.
By combining these technologies, this work aims to
demonstrate how decentralization can enhance the ethical,
efficient, and secure delivery of healthcare services in the
field of organ donation.

Il. RELATED WORK
A. Overview of Existing Organ Donation Systems

Current organ donation systems are typically managed by
centralized national or regional healthcare authorities. In
many countries, organizations such as the United Network
for Organ Sharing (UNOS) in the United States or the
National Organ and Tissue Transplant Organization
(NOTTO) in India are responsible for managing donor
registries and coordinating transplants. These systems rely
heavily on centralized databases to track donor
information, recipient needs, and organ availability. While
these platforms have been instrumental in organizing organ
transplants on a large scale, they often suffer from
bureaucratic delays, data silos, and limited transparency in
decision-making processes.

B. Previous Attempts to Integrate Blockchain in
Healthcare

In recent years, researchers and developers have explored
the use of blockchain in healthcare to improve data
integrity, interoperability, and patient privacy. Projects
such as MedRec and HealthChain have demonstrated how
blockchain can be used to securely manage electronic
health records. Some studies have proposed blockchain
frameworks for managing consent in clinical trials, sharing
medical data, and enhancing supply chain transparency in
pharmaceutical logistics. However, specific applications in
the domain of organ donation remain limited, with only a
few conceptual models or pilot projects attempting to apply
blockchain to address ethical and logistical concerns in
transplant systems.

C. Gaps in Current Solutions

Despite progress in both traditional systems and
blockchain-based healthcare tools, several key gaps
remain. Existing organ donation platforms are often unable
to provide real-time transparency in allocation decisions,
leading to potential trust issues among stakeholders. Data
stored in centralized systems is more vulnerable to
tampering,  unauthorized access, or  corruption.
Furthermore, prior blockchain-based healthcare projects
have rarely focused on the unique challenges of organ
matching, such as handling time-sensitive logistics,
medical prioritization, and automating consent and
verification processes. There is a clear need for a system
that integrates the immutability and automation capabilities
of blockchain with the ethical and logistical demands of
organ transplantation.

I1l.  PROPOSED METHODOLOGY
A. System Overview

The proposed system is a blockchain-based decentralized
application (DApp) designed to manage organ donation
and transplantation processes in a secure, transparent, and
automated manner. It utilizes a private Ethereum
blockchain to record critical medical data and manage
transactions related to donor registration, organ
availability, and recipient matching. The application serves
as a unified platform for various stakeholders—donors,
recipients, hospitals, organ banks, and regulatory
agencies—allowing them to interact securely without
relying on a centralized authority.

Through smart contracts, the system automates several
stages of the organ donation process, including data
verification, consent  validation, and recipient
prioritization. The decentralized architecture ensures that
no single party has complete control over the system,
thereby reducing the risks associated with data
manipulation or unauthorized access.

B. Key Features

e Immutable Record Storage: All essential
information, such as donor profiles and organ
availability, is stored on the blockchain, ensuring
data integrity and preventing tampering.

e Smart Contract Automation: Tasks such as
registration approvals, consent handling, and organ
matching are triggered automatically by smart
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contracts, intervention and

delays.

reducing manual

e Queue-Based Allocation:  Recipients are
prioritized using a dynamic queue based on
urgency, compatibility, and wait time.

e Secure and Private Access: The use of a private
blockchain restricts access to verified entities,
while still enabling transparency within authorized
bounds.

e Real-Time Matching: An embedded algorithm
continuously scans the network for matching
opportunities, ensuring timely allocation of
available organs.

e User Roles: The system supports multiple user
roles, including donors, hospitals, and
administrators, each with defined permissions and
views.

C. Advantages Over Existing Systems

Unlike traditional organ donation systems that rely on
centralized databases, the proposed solution offers a
decentralized and tamper-resistant framework. This
enhances trust among users by allowing them to verify
transactions independently on the blockchain. Automation
through smart contracts eliminates bottlenecks in the
registration and allocation processes, significantly reducing
time-to-transplant and improving patient outcomes.
Additionally, by integrating security at the architectural
level, the system safeguards against data breaches and
ensures compliance with privacy standards.

This approach not only strengthens the technical integrity
of the system but also addresses ethical concerns by making
the allocation process auditable, fair, and data-driven.

IV. SYSTEM ARCHITECTURE

The architecture of the proposed blockchain-based organ
donation system is designed to address the key challenges
in the traditional organ donation process. The system
consists of several components that work together
seamlessly to ensure a secure, transparent, and efficient
organ donation process. At the core, the system relies on a
private Ethereum blockchain to store donor and recipient
records in a tamper-proof manner, ensuring data integrity
and privacy. The use of smart contracts automates the
critical processes of donor registration, organ matching,

and recipient prioritization, eliminating the need for
manual intervention and reducing the chances of human
error.

The user interface (Ul), developed with React.js, allows
individuals to interact with the system for registering as a
donor, viewing available organs, and checking the status of
their transplant request. Through the Web3.js library, the
frontend communicates directly with the blockchain
network. Once a donor’s information is registered, it is
stored on the blockchain, making it immutable and secure.
The backend services handle the processing of organ
matching, verification, and authentication, ensuring that
only authorized entities have access to sensitive data. Data
storage is managed by a distributed database system, with
critical medical information stored off-chain using
decentralized solutions such as IPFS (InterPlanetary File
System). This ensures that large medical files are securely
stored while maintaining the decentralized nature of the
system.

In terms of operations, the system enables seamless
interaction between the components. When a donor
registers, their details are verified and added to the
blockchain through the execution of a smart contract. The
system then automatically runs an organ matching
algorithm based on compatibility factors such as medical
ID, blood type, organ type, and recipient urgency. Once an
organ is matched, the smart contract triggers the transplant
process, ensuring transparency and accountability in all
steps.

The architecture is designed to be both scalable and secure,
ensuring the system can handle increasing numbers of users
while maintaining high performance. The use of
blockchain and smart contracts not only improves the
transparency and efficiency of the organ donation system
but also ensures that the entire process remains ethical,
secure, and automated.
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Fig. 1: Block Diagram of the Organ Donation System.
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V. IMPLEMENTATION

The implementation of the system is built around several
core components, each playing a crucial role in automating
and securing the organ donation and transplant process. At
the heart of the system are the smart contracts, which were
developed using Solidity, the programming language
designed for the Ethereum blockchain. These smart
contracts are responsible for automating key processes such
as donor registration, organ availability tracking, consent
verification, and recipient matching. When a donor submits
their information, a smart contract verifies the details and
stores the donor's record on the blockchain. To ensure
privacy, the data is hashed, allowing it to remain secure
while maintaining transparency. Additionally, the
matching algorithm within the smart contract checks for
compatibility between the donor’s organ and the recipient’s
medical profile. Factors such as blood type, organ type, and
urgency are considered to ensure the best match. The smart
contracts also manage transaction approvals, ensuring that
all parties involved—donor, recipient, and hospital—have
agreed to the process before any further actions are taken.
This automation streamlines operations and reduces the
potential for errors or delays.

The frontend of the application is developed using React.js,
a powerful JavaScript library that enables the creation of
dynamic, user-friendly web interfaces. React.js allows
donors, hospitals, organ banks, and regulatory bodies to
easily interact with the blockchain-based system. Key
functionalities of the frontend include a secure donor
registration form, through which donors can submit their
details directly to the blockchain using Web3.js. Recipients
can search for available organs based on their eligibility,
and hospitals can track organ availability and matching in
real-time. Additionally, the frontend includes digital
signature and consent forms, ensuring that donors'
approvals are properly recorded before proceeding with
transplants. React’s component-based architecture and
state management system make it easy to handle dynamic
updates and manage data flow between the frontend and the
blockchain backend, creating a seamless and efficient user
experience.

To facilitate blockchain deployment during development,
the system relies on Ganache and Truffle, two essential
tools in the Ethereum development ecosystem. Ganache
acts as a personal Ethereum Dblockchain, allowing
developers to simulate the Ethereum network locally. This
enables testing and deploying smart contracts without the
need for a connection to a live network. Ganache creates a
controlled environment where developers can simulate

real-world conditions, test various scenarios, and iterate
quickly. Truffle, on the other hand, is a development
framework that simplifies the process of compiling,
deploying, and testing smart contracts. It allows for easy
deployment of contracts onto the local blockchain, running
tests, and making updates efficiently. Truffle's user-
friendly interface provides an accessible way to interact
with deployed contracts, streamlining the development
process and ensuring the system’s reliability before moving
to production.

To bridge the gap between the frontend and the Ethereum
blockchain, Web3.js is used to facilitate communication
between the React frontend and the blockchain. Web3.js is
a JavaScript library that enables interaction with the
Ethereum network through the Web3 API. It allows users
to submit transactions such as donor registration and
consent verification directly from the frontend to the
blockchain. Additionally, Web3.js helps manage the
current state of the blockchain, such as retrieving and
displaying real-time organ availability and matching results
to users. It also enables wallet integration with MetaMask
or other Ethereum wallets, ensuring secure transactions
without exposing private keys. The seamless integration of
Web3.js with React.js ensures a responsive and smooth
user experience while interacting with the blockchain
backend, providing real-time updates and maintaining
system security and functionality.

V1.  ALGORITHMS AND WORKFLOW

The Algorithms and Workflow section outlines the key
processes and logic employed in the organ donation
system, ensuring efficiency, transparency, and fairness in
the entire process. This section focuses on the steps
involved in donor registration, organ matching, and the
transplant scheduling process, all of which are automated
through smart contracts and algorithms.

At the heart of the system is the organ matching
algorithm, which plays a crucial role in pairing compatible
donors with recipients based on medical compatibility
factors such as blood type, organ type, medical 1D, and the
urgency of the recipient's condition. The algorithm operates
within the constraints of ethical guidelines to ensure that
the matching process prioritizes the most urgent cases,
while also adhering to medical standards.

The activity diagram below illustrates the flow of the
organ donation process, from the initial donor registration
to the matching of organs with recipients, followed by
transplant scheduling. It captures the sequence of steps
involved in verifying donor consent, registering donor
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information, checking organ availability, and evaluating
recipient priorities. Additionally, the diagram highlights
the key decision points within the process, such as the
verification of medical compatibility and the allocation of
organs based on recipient urgency.

The system also includes a consent verification process,
ensuring that only verified donors are eligible for organ
donation. Upon a donor's death, the system checks whether
the organs are viable for transplant and triggers the
matching algorithm to identify the most suitable recipient
based on medical parameters.

The system also includes a consent verification process,
ensuring that only verified donors are eligible for organ
donation. Upon a donor's death, the system checks whether
the organs are viable for transplant and triggers the
matching algorithm to identify the most suitable recipient

based on medical parameters.
®
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Fig. 2: Activity Diagram of the Organ Donation Process.

Through these algorithms and the workflow, they establish,
the organ donation system not only enhances efficiency but
also ensures that the process is automated, reducing delays
and the potential for human error. The use of blockchain
technology guarantees that each transaction is logged in a
secure and immutable manner, preserving the integrity of
the entire process.

VIl.  SECURITY
CONSIDERATIONS

AND PRIVACY

Ensuring data integrity is a crucial consideration in any
healthcare system, particularly when dealing with sensitive
medical and personal information. The proposed organ
donation system addresses this challenge by utilizing the
immutable nature of blockchain, which guarantees that
once data is recorded, it cannot be altered or deleted
without detection. This feature significantly minimizes the
risk of fraud, tampering, and unauthorized changes to
donor and recipient information. All critical transactions,
such as donor registrations, consent approvals, organ
matching, and allocations, are recorded on the blockchain,
making them tamper-proof. Altering any data would
require changing every subsequent block, which is
computationally infeasible. To further protect privacy,
sensitive personal information, such as medical records or
contact details, is hashed before being stored on the
blockchain. This ensures that even if someone gains
unauthorized access to the blockchain, the data remains
protected. Only authorized entities are able to verify the
integrity of the data without exposing private details,
maintaining a secure and transparent system.

Access control plays a critical role in maintaining both
security and privacy in this system. Given the sensitivity of
medical data, restricting access to the blockchain network
is essential. The system utilizes a private blockchain to
limit access to trusted entities, such as hospitals, organ
banks, regulatory bodies, and authorized healthcare
professionals. Role-based access control (RBAC) is
employed to ensure that each user role has appropriate
access to specific data and operations. For example, donors
can only view their personal information, while hospitals
and medical staff can access data needed for organ
matching and transplant approvals. Authentication and
authorization methods, including digital signatures and
multi-factor authentication (MFA), are used to verify each
participant’s identity before any action is performed. Every
transaction, such as updating donor information or
matching organs, requires proper authorization, ensuring
that only designated parties can carry out critical functions.
The blockchain network is permissioned, with only pre-
approved nodes able to validate transactions, further
enhancing the system's security by preventing unauthorized
or malicious access.

In any healthcare-related system, it is equally important to
maintain anonymity and comply with ethical guidelines.
This system ensures the privacy of all individuals involved
in organ donations while adhering to the highest ethical
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standards. Personal information, such as names and
addresses, is never directly stored on the blockchain.
Instead, anonymized identifiers (hashed records) are used
to link medical data to individuals, ensuring privacy while
enabling secure sharing of necessary information. The
system also ensures that both donors and recipients provide
informed consent before any organ donation or transplant
takes place. Digital consent is recorded on the blockchain,
ensuring that consent is freely given and preventing
unauthorized actions. This process aligns with ethical
principles related to patient autonomy and informed
decision-making. Furthermore, the system is designed to
comply with ethical standards for organ allocation,
ensuring that decisions are based on medical urgency and
compatibility rather than external factors like
socioeconomic status. Smart contracts automate decision-
making according to medical criteria, promoting fairness
and reducing human bias. To ensure accountability, all
actions on the blockchain are recorded for auditing
purposes, enabling transparent reviews of the donation and
transplant process to verify compliance with ethical
standards.

The system also adheres to regulatory compliance, taking
into consideration international data protection regulations
such as HIPAA in the U.S. and GDPR in the EU. By
leveraging blockchain technology, it ensures that sensitive
user data is managed securely with robust encryption and
access controls in place. This compliance guarantees that
personal health data is handled responsibly, safeguarding
the privacy of donors, recipients, and healthcare providers,
and offering reassurance to all stakeholders in the organ
donation process.

VIIl. RESULTS AND DISCUSSION

To ensure that the system performs reliably and meets the
intended objectives, extensive testing was carried out
across multiple stages of development. This testing aimed
to verify both the functionality of the system and the
integrity of the blockchain-based processes. The smart
contracts were rigorously tested using the Truffle
framework, which enabled running unit tests to confirm
that individual functions such as donor registration and
organ matching operated as expected. These tests validated
that each smart contract function executed correctly,
without errors or security vulnerabilities. Once the
individual components were confirmed to be working in
isolation, the next step involved integration testing, where
the frontend (developed using React.js) was integrated with
the blockchain backend. This testing was focused on

ensuring seamless communication between the user
interface and the Ethereum network, particularly during
critical operations like donor registration, organ matching,
and transaction recording.

User acceptance testing (UAT) was also conducted with a
group of healthcare professionals to simulate real-world
use cases. Feedback from this testing was used to refine the
system, adjusting it for better usability, interface design,
and overall user experience. Given the sensitive nature of
healthcare data, security testing was prioritized. The system
underwent penetration testing to identify vulnerabilities in
both the frontend and blockchain components.
Furthermore, privacy mechanisms such as data hashing
were tested to ensure that unauthorized parties could not
access private medical information.

Visual aids can be used to provide a clearer understanding
of the system’s user interface and flow. Some optional
visual representations include screenshots of the
registration form, organ matching dashboard, and recipient
queue view, which demonstrate the simplicity and clarity
of the interface. These images help readers understand how
users interact with the system, particularly the key
functionalities like donor registration and organ matching.
Additionally, a screenshot of a blockchain transaction or a
blockchain explorer view can be included to illustrate how
transactions are logged and validated on the Ethereum
blockchain, highlighting the system’s transparency and the
immutability of the records.

The Donar Details, Patient Details and the Donar details in
Ganache Ethereum Blockchain are illustrated as:

¥ savroeu

Details of Registered Donors

Fig 3: Donar Details

Dwtale of Ragistarnd Fatiams

Fig 4: Patient Details
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Fig 5: Donar details in Ganache Ethereum Blockchain

The performance of the system was evaluated using several
key metrics, such as transaction time, matching accuracy,
and overall efficiency. In terms of transaction time, the
system was able to confirm a transaction, such as donor
registration or organ matching, in about 15-30 seconds on
the Ethereum testnet, depending on network traffic. While
the system performed well under low transaction loads, it
did experience increased transaction times under higher
loads. Despite this, the system remained operational,
demonstrating its scalability. The organ matching
algorithm, which is critical for the success of transplants,
was tested on a dataset consisting of 500 donors and 500
recipients. The algorithm achieved a matching accuracy of
98% for blood type compatibility, 95% for organ type
matching, and 90% for overall compatibility, which takes
into account urgency and proximity. The system also
successfully prioritized recipients with the most urgent
medical needs. System efficiency was tested by evaluating
the time it took to process a recipient from the waiting list
to matching. On average, this took less than 1 minute,
showcasing the speed and efficiency of the automated
process. The integration of smart contracts helped
eliminate manual processes, reducing administrative
burden and processing time. Additionally, the system was
tested for scalability under higher loads, such as with more
than 1000 donor and recipient records, and it continued to
perform efficiently with only slight increases in smart
contract execution time. Finally, the system was subjected
to security testing for common vulnerabilities such as
reentrancy attacks and integer overflow/underflow. The
smart contracts were found to be resilient against these
attacks, with no critical vulnerabilities identified.

IX. LIMITATIONS AND FUTURE WORK

Scalability remains one of the key challenges for the
current system, as its performance may degrade with the
increase in the number of donors and recipients. While the
system has performed well during testing with over 1000
records, transaction times could potentially slow down as

the number of participants grows, especially during high
network traffic periods on public blockchains like
Ethereum. This increased load could also result in higher
gas fees, which would affect the overall efficiency and cost
of the system. To address these scalability concerns, future
work could focus on implementing Layer 2 scaling
solutions like Optimistic Rollups or zk-Rollups, which can
enhance transaction throughput and reduce transaction
fees. Additionally, the use of private or consortium
blockchains could help alleviate network congestion while
still ensuring security and scalability as the system
expands.

Another limitation is the system's lack of integration with
national organ donation registries and healthcare databases,
which is necessary for broader, more effective use.
Currently, the system operates as a standalone
decentralized application (DApp), storing data solely
within the blockchain. However, for the system to scale
nationally or globally, integrating with existing national
registries is essential to avoid fragmented data and manual
cross-referencing. National registries contain valuable
information, including donor eligibility, medical history,
and transplant records, which are vital for accurate
matching and prioritization. Future versions of the system
should work on creating interoperability protocols or APIs
to integrate blockchain records with these national systems,
allowing for real-time updates and a more comprehensive
view of the organ donation process, ultimately improving
the efficiency of organ allocation.

The system also lacks a real-time organ tracking feature,
which could significantly improve the efficiency and
success rates of organ transplants. Once an organ is
matched and the donation process begins, the system
currently does not track the organ's real-time location
during transportation. This lack of visibility can result in
delays and inefficiencies, particularly when the organ is
being transported over long distances. To address this
issue, future work could incorporate Internet of Things
(1oT) technologies and real-time GPS tracking into the
system. By linking loT devices to the blockchain,
stakeholders such as hospitals, organ banks, and
transportation teams could track the organ’s journey in
real-time, ensuring timely delivery to the recipient. This
integration would not only improve logistical efficiency but
also provide an immutable log of the organ's transport,
further enhancing transparency and accountability.

Ethical and regulatory challenges also pose significant
hurdles for the integration of blockchain in organ donation
systems, particularly regarding patient consent, data
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privacy, and compliance with cross-border regulations.
Different countries have varying laws surrounding organ
donation, data privacy (such as GDPR), and consent
procedures, which can complicate the system's
implementation on an international scale. The system must
be adaptable to comply with these diverse regulations,
especially when dealing with cross-border organ donations.
Future versions of the system may need to create
customizable smart contract templates that can be tailored
to local laws and ethical standards. This would ensure that
the system remains legally compliant while functioning in
various jurisdictions, making it more versatile and globally
applicable.

X.  CONCLUSION

This paper presented a blockchain-based decentralized
organ donation system that aims to address several
challenges within the traditional organ donation and
transplantation process. By leveraging the transparency,
security, and immutability of blockchain technology, the
proposed system ensures that organ donation records
remain tamper-proof, streamlining the donor-recipient
matching process and improving overall efficiency.

The system incorporates smart contracts for automating
key processes such as donor registration, organ matching,
and transplant approval, while maintaining ethical
standards and prioritizing recipient medical urgency.
Additionally, the use of a private blockchain ensures that
only authorized participants can access sensitive data,
while guaranteeing the privacy and anonymity of donors
and recipients.

Despite its promising features, the system faces certain
limitations, particularly concerning scalability, integration
with national registries, and real-time organ tracking.
Addressing these limitations through future work, such as
incorporating Layer 2 scaling solutions, integrating with
healthcare networks, and implementing real-time organ
tracking with 10T technologies, could significantly enhance
the system’s functionality and impact.

ABOUT THE
AUTHORS

In conclusion, the proposed blockchain-based organ
donation system holds the potential to revolutionize organ
transplant procedures by ensuring a secure, efficient, and
ethical framework for organ donation. With continued
research and development, this system could improve
global organ donation and transplant efforts, saving
countless lives.
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