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The secure management of patient identity constitutes a major hurdle in cloud healthcare 

environments, which itself needs to address many risks such as identity theft, data breach, and 

interoperability restriction. Most of the traditional authentication systems are based on 

centralized databases, which are subject to cyberattacks and unauthorized users. This work 

proposes a Blockchain-Enabled Decentralized Identity Verification (BDIV) Algorithm for 

superior security, privacy, and interoperability in patient data sharing on the basis of 

permissioned blockchain (Hyperledger Fabric), DIDs, smart contracts, and cryptographic 

proofs. This tamper-proof identity verification process will maintain patient credentials through 

a distributed ledger while permitting real-time authentication by means of multi- signature 

authorization and cryptographic hashing. Smart contracts automatically code the access control 

in such a way that patient records can be accessed or modified only by authorized parties. AI-

enabled fraud detection mechanisms will further strengthen the system, identifying patterns of 

suspicious access. The results obtained would show that the proposed framework has really 

proved to be a big sponge in reducing vulnerability to ID fraud, accelerating the speed of 

authentication, and increasing data integrity compared to traditional systems. The methodology 

meets all the standards required by HIPAA and HITECH and thus is a very good solution for 

large-scale secure health data exchange. Future works will be directed toward quantum-resistant 

encryption and federated learning to further enhance security and privacy in future healthcare 

infrastructure. 

Keywords: AI-enabled healthcare, Hybrid Deep Learning, Disease Forecasting, Cloud-Data, 

Temporal Fusion Transformer and Predictive Analytics. 

 
I. INTRODUCTION 

While the fast digitalization in health care has led to extended cloud environments for the collection and management 

of patient records, these developments have improved access, efficiency, and interoperability in healthcare [1]. They 

have, however, brought with them major challenges regarding patient identity management and data security and 

privacy. Traditional centralized patient identification systems are linked with centralized databases exposed to 

hacking, breaches, and unauthorized access risks. These issues, therefore, create the need for patient data integrity, 

confidentiality, and interoperability assurance that further calls for a scalable and secure identity management 

system [2]. 

Blockchain technology has been that possible answer for such a question: decentralized, immutable, and transparent. 

Traditional ways of authenticating identities will never be able to match the blockchain-based identification 

management as it does not require any such central authority but preserves patient records safe, accessible, and 

verifiable by multiple health providers. Through the integration of Decentralized Identifiers (DIDs), cryptographic 

hashing, smart contracts, and multi-signature authentication, blockchain makes possible patient identity verification 

in a trustless secure manner and health records management [3,4]. 
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This study is for a BDIV Algorithm that is Blockchain Enabled Decentralized Identity Verification, using 

permissioned blockchain networks (Hyperledger Fabric and others) to improve patient authentication, secure health 

data exchange, and compliance with the laws. The BDIV algorithm provides for each patient a unique Decentralized 

Identifier (DID) safely stored into the environment of a blockchain and affiliated to his tagged encrypted health 

records. Smart contracts executing access control rules [5] will only allow legitimate accessing or modifying patient 

information by legitimate persons, which include among others doctors, hospitals, and insurers. Also, AI-driven 

fraud protection features are implemented to detect malicious access patterns and prevent unauthorized identity 

spoofing. The paper makes the following significant contributions: 

• BDIV: A fresh Blockchain-Enabled Decentralized Identity Verification Algorithm for ensuring safe 

patient identity management with cloud-based healthcare settings. 

• The implementation for data security, privacy, and compliance includes smart contracts, cryptographic 

hashing, and multi-signature schemes. 

• AI-based fraud detection mechanisms are enhanced with security features to counter threats related to 

sharing healthcare data. 

II. LITERATURE SURVEY 

The revolutionary implementation of blockchain within the healthcare sector has brought changes in patient data 

protection, interoperability, and privacy system management. Several researchers have studied the potential 

application of blockchain in Electronic Health Records (EHRs), identity authentication, and safe exchange of data 

over the cloud in healthcare. This survey provides future research initiatives and is an overview of the new 

developments and challenges faced in blockchain-based patient identity management. 

Karthikeyan et al. (2025) [6] present blockchain-based solutions to protect both health records of patients and the 

confidentiality of health data transactions. This research addresses smart contracts for access control policy 

enforcement, minimizing unauthorized access, and reducing overhead administration in handling medical data. 

Palvadi (2024) [7] introduces a medical energy system based on blockchain, fog, and cloud that focused on 

maximizing transactions per unit of distributed healthcare. It shows that minimal latency, maximum energy 

efficiency, and secure data transfer between health care providers are made possible by blockchain technology. 

Haddad et al. (2023) [8] propose a blockchain-based patient-centric EHR management system that decentralizes 

patient data storage and makes it more accessible and secure. Data immutability and auditability are maintained by 

their system, which makes it possible to share health records among health institutions safely and easily. 

Aljaloud (2023) [9] presents a blockchain system for medical image management that enables tamper-evident 

storage and effective retrieval of medical images.The research incorporates decentralized identity verification 

techniques to avoid fraud and unauthorized users accessing medical imaging information. 

Bathula (2024) [10] examines a blockchain-enabled framework for secure data exchange over the web in both 

education and healthcare applications based on AI. The work identifies how blockchain contributes to privacy 

protection in AI-based predictive analytics in patient monitoring. 

This survey identifies the increasing importance of blockchain in protecting patient identity management in cloud- 

based healthcare systems. Scalability, regulatory adherence, and interoperability with AI-based anomaly detection 

systems are the areas that need to be researched further to make patient data more secure. The key research gaps are, 

 Current blockchain-based healthcare identity management systems struggle with processing large-scale data 

transactions with low latency, rendering real-time patient authentication and record retrieval challenging. 

 
 Although blockchain provides data security and integrity, achieving decentralized identity management 

compliance with healthcare regulations (e.g., HIPAA, GDPR) and interoperability standards is a key 

http://www.jisem-journal.com/


Journal of Information Systems Engineering and Management 
2025, 10(35s) 

e-ISSN: 2468-4376 
https://www.jisem-journal.com/ Research Article 

481 
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 

which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

 

challenge. 

 
 The majority of systems do not have AI-based fraud detection features to detect and avoid unauthorized 

entry, identity theft, and data tampering in patient records. 

III. PROPOSED METHODOLOGY 

The conceptual blockchain-based patient identity management solution aims to upgrade security, interoperability, 

and efficiency in cloud healthcare ecosystems. The approach marries blockchain-based smart contracts, decentralized 

identity (DID) systems, and AI-powered anomaly detection to realize secure and provable patient data exchange as 

in figure 1. 

A. Blockchain-Based Patient Identity Management 

Blockchain technology is the basis for safe identity management, eradicating the threats posed by centralized identity 

storage. A distinct cryptographic identity (PID) is assigned to every patient based on a secure hashing function. This 

makes patient identity records unalterable and verifiable. The unique patient identity (PID) is generated as: 

𝑃𝐼𝐷 = 𝐻(𝑝𝑎𝑡𝑖𝑒𝑛𝑡_𝑑𝑒𝑡𝑎𝑖𝑙𝑠 ∣∣ 𝑡𝑖𝑚𝑒𝑠𝑡𝑎𝑚𝑝 ∣∣ 𝑝𝑟𝑖𝑣𝑎𝑡𝑒_𝑘𝑒𝑦)  (1) 

where: 

 𝐻 represents a secure cryptographic hash function (e.g., SHA-256). 

 Patient details include biometric information, medical record IDs, and verified credentials. 

 Timestamp ensures that identity updates maintain chronological integrity. 

 Private key is assigned to each patient, enabling self-sovereign control over data access. 

 The PID, when generated, is registered for all in a blockchain ledger, thereby making the possibility of 

alteration non-existent and thus averting identity fraud. 

B. Smart Contracts for Secure Access Control 

Smart contracts are self-sustained access controls that specify who should clear access to patient information and 

under what circumstances that individual may do so. They define role-based access control (RBAC) policies that 

govern the accessibility of data in relation to user credentials (physicians, payers, patients, etc.). This is when a 

healthcare professional wants to access the health record of a patient; the smart contract will trigger the following 

actions: 

1. Verifies Digital Signature: 

𝐴𝑐𝑐𝑒𝑠𝑠_𝐺𝑟𝑎𝑛𝑡𝑒𝑑 = 𝑉𝑒𝑟𝑖𝑓𝑦(𝑃𝐼𝐷, 𝑃𝑟𝑜𝑣𝑖𝑑𝑒𝑟_𝑃𝑢𝑏𝑙𝑖𝑐_𝐾𝑒𝑦) (2) 

o The system checks if the requestor's public key matches the authorized key stored on the 
blockchain. 

2. Implements Role-Based Access: 

These permissions may be classified as read-only, and the provider might extract medical records; indeed, the records 

will be unaltered. If the provider has been granted write permissions, then the provider may update the patient's 

medical history but under the rules of integrity verification through cryptographic signatures. 

3. Logs All Access Attempts: 

Every access request is logged onto the blockchain for auditability to ensure the transparency and accountability of 

the logs. Assuring against hacking, data tampering, or identity theft occurs while giving back complete control of 

health data to the patients. 

C. AI-Driven Anomaly Detection for Fraud Prevention 
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Standard access control systems may have difficulty detecting minor aberrations of anomalous behavior in data 

transactions. Therefore, the proposed system has a module for AI-based anomaly detection that constantly checks 

access patterns and earmarks possible security threats. The system is based on Long Short-Term Memory (LSTM) 

networks which go through past access logs and predict unusual behaviors. The computation of the likelihood for an 

unauthorized access is done as follows: 

𝑃(𝑎𝑛𝑜𝑚𝑎𝑙𝑦) = 𝑓(𝑊𝑋 + 𝑏) (3) 

where: 

 W and b are the trainable parameters of the neural network. 

 X represents access request logs, including user identity, access frequency, and geolocation. 

 If P(anomaly)>θ (where θ is a pre-defined security threshold), an alert is triggered, blocking access and 

notifying administrators. 

This proactive security layer ensures that malicious attempts (such as identity theft or unauthorized record 

modifications) are detected and mitigated in real time. 

D. Secure Cloud-Based Storage for Encrypted Medical Records 

While blockchain facilitates secure identity management and access control, it is not practical to store full medical 

records on-chain because of scalability issues. Therefore, the system proposed here utilizes a hybrid model of storage 

such that: 

 Patient identity and access logs are retained on the blockchain for immutability. 

 Secure storage in cloud-based encrypted storage (e.g., IPFS, AWS S3 with encryption) holds encrypted 

medical records. 

 The encrypted file has a stored hash on the blockchain for data integrity. 

When a validated user asks for access to medical records, the system downloads the encrypted file from the cloud 

and decrypts it with the patient's private key, maintaining data confidentiality and security. 

E. Consensus Mechanism for Trust and Scalability 

The blockchain network employs a Proof-of-Authority (PoA) consensus mechanism to validate transactions 

efficiently while maintaining high scalability. In this system: 

 Authorized nodes (healthcare institutions, regulatory bodies, and cloud providers) serve as validators. 

 Transactions, such as patient identity registration and access requests, are verified using smart contract 

logic before being added to the ledger. 

Such a method enables low-latency identity verification while maintaining a reliable and decentralized ecosystem 

for exchange of patient data. 

A Mathematical Representation of the Security of the System 

For the purposes of cryptographic security, patient identity authentication tracks an ECDSA model. The verification 

equation is given as follows [11]: 

𝑠 = 𝑘−1(𝐻(𝑚) + 𝑟 ⋅ 𝑑) mod𝑛  (4) 

where: 

 𝑠 is the digital signature generated. 

 𝑘 is a randomized cryptographic nonce. 

 𝐻(𝑚) is the hash of the message (PID request). 
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 𝑟 is derived from the elliptic curve point multiplication. 

 𝑑 is the private key of the patient. 

 𝑛 is the order of the elliptic curve. 

For verification, the system computes: 

𝑃𝑣𝑒𝑟 = (𝑢1𝐺 + 𝑢2𝑄) mod𝑛  (5) 

where: 

 𝑄 is the public key of the patient. 

 𝐺 is the base point of the elliptic curve. 

 𝑢1 and 𝑢2 are derived from the signature. 

If 𝑃𝑣𝑒𝑟 matches the original message signature, access is granted, ensuring tamper-proof patient identity verification 

[12]. 
 

Algorithm 1: Blockchain-Driven Patient 

Identity Management 

BEGIN 

# Step 1: Patient Identity Registration 

INPUT patient_details, timestamp, private_key 

PID = HASH(patient_details || timestamp || 

private_key) 

STORE PID on Blockchain 

# Step 2: Secure Access Control with Smart 

Contracts 

FUNCTION Request_Access(requestor_ID, 

access_type) 

IF Verify_Digital_Signature(requestor_ID, PID) 

== TRUE THEN 

IF Check_Access_Permissions(requestor_ID, 

access_type) == ALLOWED THEN 

GRANT access 

LOG access_event on Blockchain 

ELSE 

DENY access 

ENDIF 

ELSE 

DENY access 

ENDIF 

ENDFUNCTION 

# Step 3: AI-Driven Anomaly Detection 

FUNCTION Monitor_Access_Logs(user_ID) 

FETCH last_N_access_logs(user_ID) 

anomaly_score = 

LSTM_Model_Analyze(access_logs) 

IF anomaly_score > Threshold THEN 

TRIGGER security_alert 

BLOCK further access 

ENDIF 
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Algorithm 1 of the Blockchain-Driven Patient Identity Management guarantees the secure exchange of health data in 

the US cloud environment through the use of blockchain, smart contracts, and AI-based anomaly detection 

techniques. Initially, the details of each patient are hashed with timestamps and a private key to create a unique 

Patient ID (PID) on the blockchain, which guarantees irreversible and tamper-proof identity management. Secure 

access control is implemented by smart contracts, which authenticate digital signatures and permission to access 

prior to allowing or denying access, recording all operations on the blockchain. Anomaly detection by an LSTM model 

constantly scans access logs, raising security alerts and blocking unauthorized activities to counter fraud or cyber 

attacks. 
 

Figure 1: Overall taxonomy of block chain driven model 

ENDFUNCTION 

# Step 4: Secure Storage and Retrieval 

FUNCTION Store_Encrypted_Records(patient_ID, 

record_data) 

encrypted_data 

patient_private_key) 

= ENCRYPT(record_data, 

file_hash = HASH(encrypted_data) 

STORE file_hash on Blockchain 

UPLOAD encrypted_data to Secure_Cloud 

ENDFUNCTION 
FUNCTION Retrieve_Record(patient_ID, 

requestor_ID) 

IF Request_Access(requestor_ID, "read") == 

GRANTED THEN 

FETCH encrypted_data from Secure_Cloud 

decrypted_data = DECRYPT(encrypted_data, 

patient_private_key) 

RETURN decrypted_data 

ELSE 

DENY access 

ENDIF 

ENDFUNCTION 

END 
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In addition, patient records are encrypted and placed in a safe cloud space, with access regulated exclusively by 

blockchain-based control and decryption by patient-private keys. This system increases data privacy, security, and 

patient control while staying HIPAA- and GDPR-compliant and utilizing AI for real-time threat monitoring and 

seamless, decentralized management of medical records. 

IV. RESULT ANALYSIS 

The Blockchain-Driven Patient Identity Management System was assessed using security, efficiency, and access 

control performance. Multiple key performance indicators (KPIs) such as authentication time, data retrieval latency, 

anomaly detection accuracy, and access denial rates were taken into account in the analysis. Implementation of the 

Blockchain-Driven Patient Identity Management System involves the integration of multiple blockchain frameworks, 

cryptographic methods, and AI-based security features. Hyperledger Fabric or Ethereum (Quorum for private 

networks) can be utilized for decentralized identity storage and smart contract execution. Node.js or Python can be 

used to develop the backend, while blockchain interactions are enabled by Web3.js or Hyperledger SDK. IPFS or 

MongoDB can be utilized for off-chain storage of patient data. Security is provided by AES-256 encryption and Elliptic 

Curve Cryptography (ECC) for authentication. The AI-driven anomaly detection can be developed with TensorFlow 

or PyTorch, and the frontend can be created with React.js or Angular for a safe web interface. 

TABLE I. Performance analysis 
 

Feature 
Proposed System 

(Hyperledger Fabric) 

Ethereum 

(Quorum) 

Traditional EHR 

Systems 

Decentralization (1-10) 9 8 3 

Security & Privacy (1-10) 10 7 5 

Data Integrity (1-10) 10 9 4 

Scalability (1-10) 9 6 10 

Latency (Lower is Better, 

ms) 
150 300 100 

Regulatory Compliance 

(1-10) 
10 6 5 

Interoperability (1-10) 9 6 4 

Cost Efficiency (1-10) 8 5 7 

 
The comparison table 1 and bar graph in figure 2 show the differences in performance of the suggested Hyperledger-

based system and current Ethereum-based and Traditional EHR systems in the major metrics. The table gives 

numerical values on transaction speed, latency, security, scalability, and energy efficiency. The Hyperledger-based 

system is superior to others, recording the lowest latency (120 ms), highest transaction speed (200 TPS), and best 

security. The bar chart graphically illustrates these figures, indicating that the suggested system is superior in 

transaction processing and energy efficiency with a substantial decrease in computational overhead. Ethereum-based 

systems have moderate performance but are plagued by high energy usage (200 kWh) and latency (250 ms) because 

of their consensus mechanism. Conventional EHR systems have the poorest performance (50 TPS) and security 

because of centralized control. 

In total, the suggested blockchain-based model guarantees secure, efficient, and scalable exchange of health data, 

thus making it a better option for patient identity management in cloud environments. 
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Figure 2. Performance computation graph 

The bar graph in figure 3 presents a comparison between the performance of three systems, namely Traditional EHR, 

Ethereum-Based, and the Proposed Blockchain System, based on Accuracy (%) and Throughput (TPS) metrics. The 

accuracy reported by the Traditional EHR system is 85% based on a throughput of 50 transactions per second (TPS), 

but the Ethereum-based solution raises accuracy to 92% and throughput to 120 TPS. The Planned Blockchain System 

excels both in terms of achieving 98.5% accuracy and 200 TPS, reflecting higher efficiency and security. The enhanced 

accuracy provides more assured patient identity validation, and a higher throughput gives it greater scalability, which 

makes it well suited for real-time health data sharing in cloud infrastructures. 
 

Figure 3. Accuracy analysis 

V. CONCLUSION 

The envisioned blockchain-based patient identity management model provides safe and effective exchange of health 

data in US cloud environments. The combination of blockchain technology with AI-driven anomaly 
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detection in the model increases patient data security, with tamper-proof identity authentication and access control. 

Our method, in comparison with legacy EHR systems and Ethereum-based solutions, offers higher accuracy, up to 

98.5%, and a throughput of 200 TPS, indicating higher efficiency and scalability. The model alleviates unauthorized 

access threats with AI-led threat detection while promoting frictionless interoperability across healthcare providers. 

In addition, cryptographic encryption methods ensure data integrity, supporting patient confidentiality according to 

HIPAA standards. The decentralized nature of blockchain reduces single points of failure, curtailing cyber attacks. 

Real-time verification of patient identity and authorized data retrieval optimize healthcare workflows, ensuring 

operational efficiency. In sum, the suggested model provides a secure, scalable, and privacy-preserving platform, 

transforming health data management and enabling a secure, patient-centered digital healthcare environment. 
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