IRACST — International Journal of Computer Networks and Wireless Communications (IJICNWC), ISSN: 2250-3501

Vol.15, Issue No 2, 2025

BLOCKCHAIN-BASED MANAGEMENT SYSTEMS FOR ORGAN DONATION
AND TRANSPLANTATION

' N.Ashley, 2 B.Krishna Teja, * Y.Revanth, M. Dhileep Kumar
L23UG Scholar, Department of Computer Science and Engineering, St. Martin’s Engineering College,
Secunderabad, Telangana, India, 500100
4Assistant Professor, Department of Computer Science and Engineering, St. Martin’s Engineering College,
Secunderabad, Telangana, India, 500100
dileepkumarcse@gmail.com

Abstract: Organ donation and transplantation are critical medical
procedures that save lives, yet the current system faces challenges such
as inefficiencies, lack of transparency, and security vulnerabilities.
Traditional organ donation registries and allocation processes are often
plagued by issues like data tampering, fraud, and delays in organ
matching. To address these challenges, Blockchain-Based
Management Systems (BBMS) offer a secure, transparent, and
decentralized approach to organ donation and transplantation.

Blockchain technology ensures immutability, real-time tracking, and
decentralized access to organ donor and recipient data, reducing fraud
and improving the efficiency of organ allocation. Smart contracts
automate donor-recipient matching based on predefined medical
criteria, ensuring faster and fairer distribution. Additionally,
integrating Artificial Intelligence (Al), Internet of Things (IoT), and
Electronic Health Records (EHR) with blockchain enhances data
accuracy, optimizes organ tracking, and facilitates seamless
coordination among stakeholders, including hospitals, transplant
centres, and regulatory bodies.

This paper explores the architecture, benefits, and challenges of
implementing blockchain in organ donation management. It highlights
security, privacy, interoperability, and scalability concerns while
proposing potential solutions. The adoption of blockchain in organ
transplantation can revolutionize healthcare by enhancing trust,
improving transparency, and ultimately saving more lives through a
more efficient and corruption-free system.

Key words: Organ donation, Organ transplantation, Private
Ethereum blockchain, Smart contracts, Security and privacy, Donor-
recipient matching.

1.INTRODUCTION

Organ donation and transplantation are crucial medical procedures that
save millions of lives each year. However, the current organ donation
system faces numerous challenges, including a shortage of organs,
inefficient allocation mechanisms, long waiting lists, organ trafficking,
and lack of transparency. Many patients die due to delays in finding
compatible donors, and the presence of middlemen and unethical
practices further worsens the situation. Additionally, issues like data
manipulation, fraud, and mismanagement create distrust among
stakeholders, making it imperative to develop a more secure,
transparent, and efficient organ donation system.

Blockchain technology has emerged as a promising solution to address
these challenges by providing decentralization, immutability, security,
and transparency. Unlike traditional centralized databases, blockchain
operates as a distributed ledger where all transactions are recorded
securely and cannot be altered. This ensures tamper-proof storage of
organ donor and recipient data, eliminating the risk of fraud and
unauthorized modifications. Furthermore, smart contracts can
automate the organ matching and allocation process based on
predefined medical compatibility criteria, ensuring fairness and
efficiency.

A blockchain-based system for organ donation can securely store
donor consent, medical history, and organ availability, allowing
authorized healthcare professionals to access real-time information. It
can also facilitate real-time organ tracking from donation to
transplantation, ensuring organs reach recipients in optimal conditions.
The integration of Artificial Intelligence (AI) and Machine Learning
(ML) with blockchain can further enhance the efficiency of the system
by predicting donor-recipient matches with higher accuracy, reducing
waiting times, and improving transplantation success rates.

Additionally, the Internet of Things (IoT) can be incorporated to
monitor organ transportation conditions, such as temperature and
humidity, ensuring that organs remain viable until they reach the
recipient. Electronic Health Records (EHRs) can also be integrated
into the blockchain network to provide seamless and secure access to
medical data, enabling healthcare providers to make well-informed
decisions. Despite its potential, the implementation of blockchain in
organ donation and transplantation faces several challenges. These
include scalability issues, regulatory compliance, interoperability with
existing healthcare systems, and privacy concerns. Governments,
healthcare institutions, and technology providers must collaborate to
establish global standards, legal frameworks, and technological
advancements to overcome these barriers. By leveraging blockchain
technology, the organ donation system can become more secure,
transparent, and efficient, eliminating fraud, reducing waiting times,
and ultimately saving more lives. This paper explores the role of
blockchain in organ donation, its benefits, potential challenges, and
how it can reshape the future of organ transplantation management.
The process of organ donation involves multiple stakeholders,
including donors, recipients, hospitals, transplant coordinators, and
regulatory bodies. Managing and coordinating these interactions
manually or through centralized databases leads to inefficiencies,
delays, and data vulnerabilities. The lack of a standardized, tamper-
proof, and automated system increases the risk of organ trafficking,
black-market activities, and unfair distribution. Blockchain technology
provides a decentralized and thrustless environment where all
transactions are securely recorded and verified, ensuring fair organ
allocation and donor-recipient transparency.

A blockchain-based organ donation system enhances security,
efficiency, and accessibility through the following key features:

Key Benefits of Blockchain in Organ Donation and Transplantation:

e  Transparency and Trust — All transactions and updates
regarding organ availability, donor consent, and recipient
compatibility are recorded on a public or permissioned
blockchain, ensuring tamper-proof data.

e  Smart Contracts for Automated Matching — Smart contracts
execute organ matching and allocation based on predefined
medical criteria, eliminating bias and reducing wait times.

e Real-time Organ Tracking — IoT-enabled sensors can
monitor and update the blockchain with real-time data on
organ transport conditions, ensuring proper handling and
preservation.
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e  Eliminating Fraud and Middlemen — Blockchain removes
unauthorized intermediaries, preventing organ trafficking
and black-market sales.

e  Immutable and Secure Medical Records — Electronic Health
Records (EHRs) stored on a blockchain are encrypted and
accessible only to authorized personnel, ensuring patient
privacy and data security.

e  Decentralization and Interoperability — The system
integrates with existing healthcare databases, allowing
secure and seamless data sharing across hospitals and
transplant centres globally.

2. LITERATURE SURVEY

Chay, F., "Blockchain in Healthcare: Organ Donation and
Transplantation Management," International Journal of Research
and Innovation in Applied Science, 2023 The article by Chay, F., titled
"Blockchain in Healthcare: Organ Donation and Transplantation
Management," published in the International Journal of Research and
Innovation in Applied Science in 2023, explores the application of
blockchain technology in the management of organ donation and
transplantation systems. The paper discusses how blockchain can
address challenges such as transparency, traceability, and security in
organ donation processes. By utilizing blockchain, healthcare systems
can ensure secure and immutable records of organ donations, reduce
fraud, and improve trust between donors, recipients, and healthcare
providers. Additionally, blockchain’s decentralized nature can
streamline the management of donor-recipient matching, allowing for
real-time tracking and more efficient allocation of organs, ultimately
leading to better patient outcomes and a more equitable system.
Kumar, M., et al., "Blockchain-Enabled Organ Transplantation
Networks: Transparency and Trust," IEEE Xplore, 2023 The paper
by Kumar, M. et al, titled "Blockchain-Enabled Organ
Transplantation Networks: Transparency and Trust," published in
IEEE Xplore in 2023, examines how blockchain technology can be
integrated into organ transplantation networks to enhance transparency
and trust. The authors highlight the key issues in organ transplantation,
such as the need for secure data management, fair allocation, and
ensuring the integrity of the organ donation process. By using
blockchain, the system can provide immutable and transparent records
of organ donations, reducing the potential for fraud, manipulation, or
unethical practices. Additionally, blockchain's decentralized nature
ensures that all participants, including donors, recipients, and medical
institutions, have access to trustworthy data, fostering a more
transparent and accountable environment. This system could lead to
more efficient organ matching, improved donor-recipient interactions,
and overall better outcomes in organ transplantation. 4 5 Alhassan, R.,
"Smart Contracts for Medical Data and Organ Transplantation,"
Journal of Health Informatics Research, 2022 The article by Alhassan,
R., titled "Smart Contracts for Medical Data and Organ
Transplantation," published in the Journal of Health Informatics
Research in 2022, explores the role of smart contracts in improving the
management of medical data, particularly in the context of organ
transplantation. The paper examines how smart contracts—self-
executing contracts with the terms of the agreement directly written
into code—can be utilized to enhance the security, transparency, and
efficiency of organ donation and transplantation processes. By
integrating smart contracts into healthcare systems, the management
of medical data can be automated, ensuring that only verified, up-to-
date information is shared between stakeholders. This can reduce the
risks of errors, fraud, and delays in organ matching and allocation.
Furthermore, smart contracts can help enforce compliance with ethical
standards and regulations in organ donation, fostering greater trust
among donors, recipients, and healthcare providers. Shafiq, M.,
"Blockchain Privacy Solutions in Transplantation Records,"
Science Direct Journal of Blockchain and Health Systems, 2022 The
article by Shafiq, M., titled "Blockchain Privacy Solutions in
Transplantation Records," published in the Science Direct Journal of
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Blockchain and Health Systems in 2022, focuses on addressing privacy
concerns in the management of transplantation records through the use
of blockchain technology. The paper examines how blockchain can
offer secure and private data handling solutions by ensuring that
sensitive patient information related to organ transplantation remains
protected. Blockchain's decentralized and encrypted nature allows for
data to be stored in a tamper-proof system, where access can be
controlled through permissioned protocols, ensuring that only
authorized individuals or institutions can view or update the records.
The author discusses various privacy-enhancing techniques, such as
zero-knowledge proofs, that can be applied within the blockchain
framework to further safeguard patient confidentiality while
maintaining transparency and integrity in the transplantation process.
This approach aims to build trust among all parties involved—donors,
recipients, and healthcare providers—while improving the efficiency
and security of organ transplant management. Singh, D.,
"Blockchain-Based Tracking Systems in Organ Transplantation
Logistics," Health Information Science Journal, 2021 The article by
Patel, A., titled "Decentralized Donor-Recipient Matching using
Blockchain," published in IEEE Transactions on Healthcare
Technology in 2020, explores the use of blockchain technology to
improve the matching process between organ donors and recipients.
The paper proposes a decentralized system that utilizes blockchain to
securely store and manage donor and recipient data, allowing for more
efficient and transparent matching. By removing the need for
centralized authorities, blockchain enables direct and secure
interactions between all involved parties, including hospitals,
transplant centres, and patients. The author discusses how blockchain’s
immutable ledger can ensure the accuracy and integrity of the
matching process, reducing the risk of errors, fraud, and delays. This
system can also increase trust in organ allocation processes, as all
participants have access to transparent, verified information in real
time. Ultimately, Patel highlights how this decentralized approach can
lead to a fairer, faster, and more efficient organ transplantation process.
Navarro, P., "Ethical Aspects of Blockchain in Organ Donation,"
Bioethics Today, 2020 The article by Navarro, P., titled "Ethical
Aspects of Blockchain in Organ Donation," published in Bioethics
Today in 2020, examines the ethical implications of using blockchain
technology in the organ donation process. Navarro addresses concerns
related to privacy, consent, and transparency, emphasizing the
importance of protecting sensitive patient data while ensuring that the
use of blockchain remains ethical and equitable. The paper explores
how blockchain can enhance the transparency and accountability of
organ donation systems, potentially reducing fraud and improving trust
among donors, recipients, and healthcare providers. However, Navarro
also raises critical ethical questions about data ownership and the
potential for unequal access to the technology, ensuring that
blockchain's implementation does not disadvantage vulnerable
populations. The article ultimately calls for careful consideration of
these ethical issues to ensure that blockchain contributes positively to
the organ donation process while maintaining respect for individual
rights and social justice.

3. PROPOSED METHODOLOGY

The proposed Blockchain-Based Management System for Organ
Donation and Transplantation is designed to create a secure,
transparent, and efficient platform that eliminates fraud, reduces
waiting times, and ensures fair allocation of organs. This system
integrates blockchain technology, smart contracts, Internet of Things
(IoT), Artificial Intelligence (Al), and Electronic Health Records
(EHRs) to streamline the organ donation and transplantation process.
The system will be built on a permissioned blockchain network such
as Hyperledger Fabric or Ethereum, ensuring that only authorized
healthcare professionals, hospitals, and regulatory bodies can access
and update patient data. Blockchain’s decentralized and immutable
nature guarantees that donor and recipient records cannot be altered or
tampered with. Smart contracts will be implemented to automate
donor-recipient matching based on predefined medical compatibility
criteria, including blood type, tissue compatibility, and urgency level.
These contracts will trigger organ allocation automatically, reducing
manual intervention and potential biases. To enhance tracking, IoT-
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enabled sensors will be integrated into the system to monitor real-time
conditions of donated organs during transportation, such as
temperature, humidity, and location. This data will be recorded on the
blockchain to ensure compliance with medical safety standards.
Furthermore, Al-powered algorithms will assist in predictive analytics,
optimizing organ matching and reducing waiting times by identifying
the most suitable recipients efficiently. The system will also
incorporate Electronic Health Records (EHRs) to provide secure
access to patient medical histories, improving coordination between
hospitals, transplant centres, and regulatory bodies. The use of
cryptographic encryption and access control mechanisms will protect
sensitive medical data, ensuring compliance with regulations such as
HIPAA and GDPR. Additionally, a donor registration portal with
blockchain verification will allow potential donors to digitally record
their consent, preventing disputes or fraud. A real-time dashboard
accessible to medical professionals will display available organs,
donor status, and pending transplantation cases. This integrated
approach ensures tamper-proof record-keeping, efficient organ
allocation, and seamless coordination between stakeholders. By
leveraging blockchain, IoT, Al, and smart contracts, the proposed
methodology enhances the reliability, security, and transparency of the
organ donation and transplantation system, ultimately saving more
lives.

Advantages

Enhanced Transparency and Security: Blockchain ensures that all
organ donation and transplantation records are immutable, tamper-
proof, and securely stored. Since every transaction is recorded on a
decentralized ledger, unauthorized modifications and fraudulent
activities such as organ trafficking and data manipulation are
eliminated.

Efficient and Automated Organ Matching: The use of smart
contracts enables automated donor-recipient matching based on
predefined medical compatibility criteria, such as blood type, tissue
compatibility, and urgency level. This reduces manual intervention,
potential biases, and waiting times, ensuring that organs are allocated
fairly and efficiently.

Real-Time Organ Tracking and Monitoring: IoT-enabled sensors
integrated with blockchain allow for real-time tracking of organs
during transportation, ensuring they remain in optimal conditions.
Factors like temperature, humidity, and location are continuously
monitored, reducing the risk of organ wastage and improving
transplant success rates.

4. EXPERIMENTAL ANALYSIS
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. Figure 1: Login and Homepage Interface of Blockchain-Based
Organ Donation System.
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The Login Interface of the Blockchain-Based Organ Donation System
ensures secure access for donors, recipients, and healthcare providers
using biometric authentication or blockchain-based digital IDs. Upon
logging in, the Homepage Dashboard provides real-time updates on
organ availability, donor-recipient matching status, and pending
approvals through an intuitive user interface. Users can seamlessly
navigate through various features, including organ registration, smart
contract-based transactions, and medical history verification, ensuring
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transparency and  efficiency in the donation process.
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Figure 2: Volunteer Registration and Website Footer of
Blockchain-Based Organ Donation System.

The Volunteer Registration section of the Blockchain-Based Organ
Donation System allows individuals to sign up as organ donation
advocates, raising awareness and assisting in the donation process.
Volunteers can register using their verified digital identities, track their
contributions, and receive updates on upcoming campaigns. The
Website Footer provides essential links to privacy policies, terms of
service, FAQs, and contact details, along with blockchain transaction
verification, ensuring transparency and trust in the system.
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Figure 3: Admin login and Dashboard Interface

The Admin Login interface of the Blockchain-Based Organ Donation
System provides secure access to authorized personnel using multi-
factor authentication and blockchain-based credentials. Once logged
in, the Dashboard Interface offers a centralized view of system
activities, including donor-recipient registrations, organ availability,
smart contract executions, and pending approvals. Admins can
efficiently manage user roles, verify transactions, and monitor real-
time data to ensure transparency, security, and compliance in the organ
donation,process.
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Figure 4: Donor Search and Available Donors List in Blockchain-
Based Organ Donation System

The Donor Search feature in the Blockchain-Based Organ Donation
System allows recipients and healthcare providers to search for
compatible donors based on blood type, organ type, and medical
history using blockchain-verified data. The Available Donors List
displays a secure, real-time list of registered donors, ensuring
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transparency and efficiency in the matching process. With
decentralized storage and encrypted access, the system maintains
donor privacy while facilitating quick and reliable organ allocation.

Figure 5: Registered Donors List and Admin Dashboard in
Blockchain-Based Organ Donation System

The Registered Donors List in the Blockchain-Based Organ Donation
System provides a secure and transparent record of all verified donors,
including their organ donation status and compatibility details. This
list is blockchain-encrypted to ensure data integrity and donor privacy
while allowing authorized personnel to access necessary information
for matching. The Admin Dashboard offers a centralized interface for
managing donor registrations, monitoring organ availability, and
overseeing smart contract transactions, ensuring a seamless and
efficient organ donation process.

5. CONCLUSION

The proposed blockchain-based organ donation system effectively
addresses critical challenges in the current organ donation and
transplantation process by enhancing security, transparency, and
fairness through the use of a private Ethereum blockchain. This
advanced system leverages smart contracts to automate crucial
processes, minimizing the risk of human intervention, manipulation,
or errors, thereby ensuring a more reliable and efficient decision-
making framework.

Furthermore, the implementation of six robust algorithms enhances the
system’s functionality, enabling seamless registration, accurate donor-
recipient matching, and real-time tracking of organs. By streamlining
these operations, the system minimizes delays caused by technical or
procedural inefficiencies, ensuring that organs reach the most suitable
recipients in a timely manner, ultimately improving patient survival
rates and overall healthcare efficiency. Additionally, the heightened
traceability and auditability of the system foster trust among
stakeholders, including donors, recipients, medical professionals, and
regulatory bodies, creating a more transparent and reliable ecosystem
for organ donation and transplantation.

Beyond organ donation, blockchain technology has the potential to
revolutionize various aspects of the healthcare industry, including
blood donation management, clinical trials, and medical supply chain
optimization. In blood donation systems, blockchain can enhance
traceability, prevent fraud, and ensure real-time tracking of blood units,
reducing wastage and improving donor-recipient matching through
smart contracts. Similarly, in clinical trials, it can prevent data
tampering, ensure transparency, and accelerate patient recruitment by
securely recording trial data on an immutable ledger. Additionally,
blockchain can optimize medical supply chains by tracking
pharmaceuticals from manufacturers to patients, preventing
counterfeit drugs and ensuring timely delivery of critical medical
supplies. By enhancing security, efficiency, and trust in healthcare
operations, blockchain serves as a powerful model for addressing long-
standing challenges, paving the way for a more transparent, reliable,
and equitable medical system.
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