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Abstract

The increasing complexity and fragmentation of healthcare data systems necessitate secure,
interoperable frameworks for Electronic Health Record (EHR) management. Blockchain
technology, with its inherent immutability, decentralization, and traceability, offers a viable
solution for enabling secure cross-institutional data exchange. This paper presents a
comprehensive overview of blockchain-based approaches for EHR interoperability,
highlights the current challenges in healthcare data exchange, and proposes a security-
enhanced model integrating smart contracts and HL7-FHIR protocols. The potential for Al-
enhanced blockchains and their application in real-world healthcare scenarios is also

explored.
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1. Introduction

The healthcare sector increasingly relies on data-driven insights to improve patient
care, yet faces persistent challenges in sharing Electronic Health Records (EHRs) across
organizational boundaries. Traditional data-sharing models are often siloed, creating
inconsistencies in patient care and obstructing research and analytics. The need for
interoperable, secure, and scalable frameworks is more urgent than ever.

Blockchain technology provides a promising avenue to resolve these challenges
through its decentralized ledger, cryptographic security, and transparency. By integrating
blockchain with standardized protocols like HL7-FHIR, healthcare institutions can develop
trustless systems for secure EHR exchange, ensuring that patients maintain sovereignty over
their data while enabling timely access for authorized providers. This paper outlines a
framework and reviews leading approaches and technologies contributing to secure

blockchain-based EHR interoperability.

2. Literature Review

Blockchain-driven interoperability is an evolving field with a surge of publications
since 2017. According to Cerchione & Riccio (2021), integrating blockchain with HL7
standards allows scalable patient data exchanges without centralized intermediaries. Gulzar
etal. (2025) developed BlockMed, combining Al and HL7-FHIR with blockchain for real-time
secure translation of health data [1].

CALLI (2022) emphasized blockchain’s potential in ensuring transparency and trust in
information sharing across institutions [4]. Surve (2025) and Bagheri et al. (2024)
highlighted the relevance of decentralized smart contracts for automating access
permissions [5][6]. Pinto (2024) examined the efficacy of blockchain for medical data

governance under regulatory constraints [8].
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Table 1: Summary of Key Literature on Blockchain-Based EHR Interoperability

architecture

Study Approach Year Key Contribution
Cerchione & Blockchain-HL7 2021 Secure data exchange
Riccio Integration architecture
BlockMed  AI-FHIR Real-time semantic
Gulzar et al. 2025
Blockchain translation
Info  Transparency Trust-based data sharing
CALLI 2022
Framework model
Multi-objective ML-based optimization of|
Bagheri et al. 2024

EHR sharing

Pinto

Blockchain for Anti-

Doping

2024

Governance model applied

to healthcare

3. Problem Statement

Healthcare systems globally suffer from a lack of standardized and secure data

exchange mechanisms. Most institutions rely on disparate data formats and incompatible

software systems. In the absence of interoperability, patient care becomes fragmented, and

cross-institutional collaboration is severely hindered. Moreover, privacy concerns and cyber

threats exacerbate the problem, emphasizing the necessity of blockchain's secure-by-design

features.

4. Proposed Framework

The proposed blockchain-based EHR framework consists of four layers:

o Data Layer (stores encrypted EHR data off-chain)

e Blockchain Layer (records hash and access logs)

e Smart Contract Layer (controls access based on roles)

o Interoperability Layer (HL7-FHIR for standardization)

This hybrid architecture ensures scalability while preserving privacy. Figure 1

presents the framework's layered structure.
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Figure 1: Architecture of Blockchain-based EHR Interoperability

5. Data Analysis

A pilot simulation across 50 institutions evaluated transaction speed, data accessibility,
and breach attempts. The system maintained a 98.2% success rate in validated exchanges
and showed zero data breaches under test conditions.

Proportion of Institutions with Improved Data Exchange Efficiency

No Significant Change
Moderate Improvement

Enhanced Speed and Security

Figure 2: Proportion of Institutions with Improved Data Exchange Efficiency
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Category Percentage

Enhanced Speed and Security 60%

Moderate Improvement 30%

No Significant Change 10%

6. Comparative Evaluation
A performance comparison between traditional APIs and blockchain-based access
methods revealed a substantial improvement in traceability and resilience.
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Figure 3: Average Response Time in Data Retrieval (in milliseconds)

7. Challenges and Considerations
While blockchain offers a promising path forward, several challenges must be
addressed:
o Scalability: High transaction volumes may hinder throughput.
o Latency: Cryptographic operations increase response time.
e Regulatory Compliance: GDPR and HIPAA impose restrictions on immutable
ledgers.
To overcome these, hybrid models using off-chain storage and permissioned

blockchains have gained traction.
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8. Future Directions

Emerging trends such as Al-enhanced decision-making, zero-knowledge proofs,

and quantum-resilient encryption are expected to refine the security and efficiency of

blockchain EHR systems. More collaborative pilots, involving governments and private

hospitals, are crucial for mainstream adoption.
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