Bulletin For Technology And History Journal Issn No : 0391-6715

Cross-Border Health Data Exchange via Blockchain: A Review of
Emerging Standards and Global Interoperability Protocols

'Riya Garg, °Dr. Vishal Shrivastava, ’Dr. Akhil Pandey, ‘Ram Babu Buri, >Amit Tewari

!B.TECH. SCHOLAR, >*PROFESSOR, “ASST. PROFESSOR, >ASSOC. PROFESSOR
ARYA COLLEGE OF ENGINEERING AND IT, JAIPUR, INDIA

Abstract

The globalization of healthcare necessitates the secure, seamless, and efficient
exchange of Electronic Health Records (EHRs) across international borders. Current
centralized health information exchange (HIE) systems suffer from silos, lack of patient
sovereignty, and vulnerability to centralized cyberattacks. Blockchain technology has
emerged as a promising decentralized infrastructure to facilitate cross-border health data
exchange (CBHDE). This paper provides a comprehensive review of blockchain integration
in CBHDE, focusing on emerging standards such as HL7 FHIR and W3C Decentralized
Identifiers (DIDs). We analyze prevailing interoperability protocols, evaluate current
frameworks through a comparative study, and identify architectural bottlenecks. Finally, we
discuss the path toward global standardization.
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1. Introduction

The mobility of populations, including medical tourism and international migration, has
created an urgent need for an interoperable global health data infrastructure. Traditionally,
health data resides in fragmented, localized silos managed by institutional providers, making
patient information inaccessible during cross-border emergencies [1].

The integration of blockchain technology into HIE systems offers a paradigm shift from
custodian-centric to patient-centric data management. By providing a decentralized,
immutable, and transparent ledger, blockchain addresses the inherent trust issues between
disparate international healthcare stakeholders. However, the lack of universal standards,
coupled with divergent data privacy regulations (e.g., GDPR in the EU vs. HIPAA in the
US), creates significant barriers to global interoperability. This review assesses how existing
standards, specifically the Fast Healthcare Interoperability Resources (FHIR) combined with
decentralized identity frameworks, can bridge these gaps.

2. Research Methodology

This study employs a systematic literature review approach. We performed a search across
databases including IEEE Xplore, PubMed, and ACM Digital Library, focusing on research
published between 2019 and 2024. Keywords included "Blockchain,” "Interoperability,"”
"Cross-border health data,” and "FHIR."
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Evaluation Criteria:

=

Architectural Decentralization: Level of node distribution.

Standard Alignment: Use of HL7 FHIR and W3C DIDs.

3. Regulatory Compliance: Ability to handle multi-jurisdictional data residency
requirements.

4. Scalability: Transaction throughput and latency metrics in cross-border scenarios.

N

3. Literature Review and Comparative Analysis
3.1 The Role of HL7 FHIR

Health Level Seven (HL7) FHIR has become the global lingua franca for health data. As
noted by [2], FHIR’s RESTful API architecture is naturally suited for blockchain integration.
In a CBHDE context, the blockchain acts as the "trust layer" (storing hashes and access
control pointers), while the actual PHI (Protected Health Information) is retrieved via FHIR
APIs from localized off-chain storage [3].

3.2 Decentralized Identifiers (DIDs)

A critical hurdle in cross-border exchange is identity verification. Traditional centralized
Certificate Authorities (CAs) fail to interoperate across national borders. W3C DIDs allow
patients to own their digital identities, enabling cross-border authentication without relying
on a single national identity provider [4].

3.3 Comparative Analysis of Existing Frameworks

Framework Consensus Standard Privacy Model
Mechanism Support

MedRec [5] Proof of Work Proprietary Patient-centric

FHIRChain [6] Proof of Authority HL7 FHIR Off-chain

storage

Hyperledger Fabric-based | PBFT FHIR/DIDs Private Channels

HIE [7]

IOTA Tangle-based HIE [8] | Directed Acyclic | HL7 FHIR Feeless/Scalable
Graph

Analysis: Research indicates that Permissioned Blockchains (e.g., Hyperledger Fabric)
currently outperform public chains in healthcare settings due to their ability to enforce strict
access control (GDPR compliance) via private channels [9]. However, IOTA-based systems
show promise for low-power 10T health devices, offering higher throughput for massive data
streams [8].

4. Architectural Challenges in Global Interoperability

4.1 Legal and Regulatory Fragmentation
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The GDPR (General Data Protection Regulation) enforces "data sovereignty." Blockchain’s
immutability conflicts with the "Right to Erasure” (Article 17). Proposed solutions involve
"Off-chain Data Anchoring," where only cryptographic proofs are stored on the ledger, while
the raw data remains in local jurisdictions subject to deletion protocols [10].

4.2 Semantic Interoperability

While FHIR provides the syntax, the "meaning™ of health data (semantics) varies between
countries. For example, a myocardial infarction code in one country may not map perfectly to
the billing codes of another. Blockchain-based smart contracts are currently being researched
as automated semantic translation layers, using ontologies like SNOMED-CT [11].

5. Emerging Standards and Protocols
The transition toward a global standard relies on the convergence of two key technologies:

1. Verifiable Credentials (VCs): Enabling patients to prove their health status (e.g.,
vaccination, allergy alerts) across borders without revealing unnecessary medical
history [12].

2. Blockchain Oracles: Securely bridging off-chain medical databases with on-chain
smart contracts to ensure data veracity during cross-border updates [13].

6. Discussion and Future Work

Current frameworks are largely conceptual or limited to pilot programs. Future research must
focus on:

e Governance models: Developing a globally recognized consortium to manage
permissioned network nodes.

e Quantum-Resistant Cryptography: Protecting long-lived health records from future
quantum computing threats.

o Standardization of Smart Contracts: Ensuring that smart contracts governing data
consent are legally recognized across borders.

7. Conclusion

Blockchain offers a robust foundation for global health data exchange, provided it is
implemented as a complementary layer to existing clinical standards rather than a
replacement. The integration of HL7 FHIR for data representation and W3C DIDs for
identity management provides the most promising roadmap for interoperability. While
technical solutions are maturing, the primary challenge remains the harmonization of cross-
border data privacy laws. Future efforts should prioritize the development of "legal-as-code"
frameworks within smart contracts to ensure that automated data exchange remains compliant
with local regulations.
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