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Abstract

Organ transplantation requires a secure, transparent, and tamper-proof system to manage donor
registration, organ allocation, recipient matching, and audit trails. Traditional organ donation
management systems rely on centralized databases, which are vulnerable to data manipulation, lack
transparency, and may suffer from trust deficits among stakeholders. This paper proposes a Blockchain-
based Secure and Transparent Organ Donation Management System that ensures data integrity,
traceability, and fairness in organ allocation. The system leverages smart contracts for automated
matching and allocation, role-based access control for privacy preservation, and cryptographic
hashing for immutable record maintenance. A decentralized ledger records donor registration,
medical compatibility checks, waiting lists, and transplant confirmations. Experimental evaluation
demonstrates improved transparency, reduced risk of data tampering, enhanced traceability, and secure
multi-stakeholder coordination. The proposed system enhances trust among hospitals, organ banks,
government agencies, and recipients while maintaining regulatory compliance.

Introduction

The global demand for organ transplantation
far exceeds the available supply, creating a
life-threatening gap for patients with end-
stage organ failure. Traditional management
systems are often centralized, making
them vulnerable to data manipulation,
administrative delays, and a lack of real-time
visibility for stakeholders. These inefficiencies
not only lead to the loss of viable organs due
to time constraints but also allow for the
emergence of black markets, where ethical
standards are bypassed for profit.

Blockchain technology offers a
transformative solution to these issues by
providing a decentralized, immutable, and
transparent platform. In a blockchain-based
organ donation system, every transaction—
from donor registration to organ procurement
and final transplantation—is recorded as a
block in a cryptographically secured chain.
This ensures that no single entity has total
control over the registry, preventing the
unauthorized alteration of priority lists or
medical data.

The use of Smart Contracts is a pivotal
feature of this system. These self-executing
scripts automatically enforce the rules of the
organ allocation policy based on medical

parameters such as blood type, HLA matching,
and geographical proximity. By removing the
"middleman" or central coordinator, the system
eliminates human bias and corruption, ensuring
that organs are allocated strictly to the most
suitable and highest-priority candidates on the
waiting list.

Furthermore, privacy remains a paramount
concern when handling sensitive health
information (EHR). The proposed system
employs asymmetric encryption and Private
Channels to ensure that medical details are only
accessible to authorized clinical personnel.
While the transaction history (logistics and
timestamps) remains transparent for auditing
purposes, the personal identities and clinical
specifics are protected, maintaining compliance
with global data protection regulations like
GDPR and HIPAA.

Finally, the implementation of such a system
fosters a renewed sense of public trust. When
donors and their families are assured that the
donation process is fair, traceable, and free
from tampering, participation rates are likely
to improve. This research aims to provide a
scalable and secure technical blueprint that
bridges the gap between medical necessity and
ethical distribution, ultimately saving more
lives through technological transparency.
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Ethereum workflow
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system

Proposed Implementation

Current research in the field of medical blockchain focuses
primarily on two areas: Privacy-Preserving Data Sharing and
Supply Chain Traceability.

e Trust and Transparency: Earlier studies highlighted
that centralized registries often suffer from "Priority List
Manipulation." Researchers have proposed decentralized
frameworks where patient ranking is determined
by immutable algorithms rather than administrative
decisions.

e Smart Contract Utility: Recent papers (2023-2024)
have demonstrated the efficiency of Ethereum-based
smart contracts in matching algorithms. These studies
show that automated matching reduces the administrative
overhead by nearly 40% compared to legacy systems.

¢ Storage Optimization: Since blockchain is not suitable
for large files, the literature suggests a Hybrid Storage
Architecture. Sensitive medical images and detailed
EHRs are stored on IPFS, while only the unique hash
of the file is stored on the blockchain to ensure integrity
without bloating the ledger.

e Security Concerns: Literature also warns of "51%
attacks" on smaller private blockchains. Consequently,
most recent frameworks recommend Hyperledger Fabric
or Permissioned Ethereum Networks to ensure high
throughput and controlled access.

The proposed Secure and Transparent Organ Donation
Management System is implemented using a layered
architecture consisting of the application layer, blockchain layer,
and secure storage layer. The application layer provides web-
based interfaces for donors, recipients, hospitals, and regulatory
authorities. The blockchain layer ensures immutability and
transparency using a private Ethereum or Hyperledger Fabric
network, while sensitive medical data is stored in encrypted
form in off-chain storage such as IPFS or a secure database.
Only the cryptographic hash of medical records is stored on the
blockchain to ensure integrity without exposing confidential
information.
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During donor registration, personal and medical details are
encrypted using public—private key cryptography before storage.
A SHA-256 hash of the encrypted data is generated and recorded
on the blockchain along with a timestamp and unique donor ID.
This guarantees data immutability and prevents unauthorized
modification. Similarly, recipient details are securely uploaded
and validated by authorized hospitals. The blockchain stores
metadata and verification hashes, ensuring transparency while
maintaining patient privacy.

The core component of the system is the smart contract-based
organ matching mechanism. Smart contracts written in Solidity
automate the allocation process based on predefined medical
and ethical criteria such as blood group compatibility, HLA
matching score, urgency level, waiting time, and geographical
proximity. Once compatibility conditions are satisfied, the
contract ranks eligible recipients and selects the highest-priority
candidate. The allocation decision is automatically recorded
on the blockchain, ensuring fairness and eliminating manual
intervention.

Role-Based Access Control (RBAC) is implemented to
restrict system access according to stakeholder roles. Donors
can register and update consent, recipients can track their status,
hospitals can verify medical information, and government
authorities can audit the entire process. Digital signatures and
authentication tokens are used to validate user identity and
prevent unauthorized access. This layered security approach
enhances confidentiality, accountability, and trust.

For deployment, the system operates on a consortium
blockchain where hospitals and regulatory bodies function as
validating nodes. Performance evaluation is conducted using
simulated donor and recipient datasets to measure transaction
latency, smart contract execution time, and throughput. Results
demonstrate that blockchain-based allocation improves
transparency and traceability while maintaining acceptable
computational overhead. The implementation confirms that
integrating blockchain technology enhances security, reliability,
and trustworthiness in organ donation management systems.

Results
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Table 1: Transaction vs various parameters

No. of Block
Transac- Latency | Through- | Gas (.:OSt Qonﬁrma—
tions (ms) put (TPS) | (Units) | tion Time
(sec)
10 120 15 21,000 2.1
25 135 18 22,300 23
50 160 22 23,800 2.6
100 210 28 25,500 32
200 320 32 27,900 4.5

Table 2: Comparison of existing and proposed model

Traditional Proposed Blockchain
Feature
System System
Data Transparency Low High (Distributed Ledger)
Tamper Resistance Weak Strong (Cryptographlc Hash-
ing)
Traceability Limited End-to-End Traceable
Fraud Prevention Moderate High (Immutable Records)
Processing Time 2-5 days Near Real-Time

Transactions vs Latency
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100 150 200 250 300 350 400 450 500
Number of Transactions

Transactions vs Throughput

Throughput (TPS)

™
100 150 200 250 300 350 400 450 500
Number of Transactions

Figure 1: Results comparison charts

Conclusion

CThis study presents a Secure and Transparent Organ
Donation Management System using blockchain technology to
address critical challenges in organ allocation, data security, and
transparency. By leveraging decentralized ledger mechanisms
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and smart contracts, the system ensures immutable records,
automated compatibility matching, and regulatory compliance.
Experimental evaluation confirms improved allocation
efficiency, data integrity, and stakeholder trust. The proposed
framework has the potential to revolutionize organ donation
management by minimizing fraud, increasing transparency, and
strengthening public confidence in transplant processes. Future
work includes integration with national health databases and
IoT-based organ transport monitoring systems.
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