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Abstract—Secure, scalable, and compliant solutions are be-
coming a requirement for healthcare systems handling sensi-
tive medical data. Blockchain presents unique opportunities to
create transparency and trust that is decentralized, yet has
inherent challenges posed by scalability, sustainability and reg-
ulation. This study presents CA-HBCA, a Cognitive and Adap-
tive Software Engineering Framework for intelligent healthcare
blockchain applications. The novel contribution of the research
is the combination of four sledging modules, such as an Al-
based cognitive security layer that triggers real-time anomaly
detection, an adaptive sustainability engine that optimises energy-
performance, a DevSecOps-based continuous delivery pipline, and
a HL7/FHIR-compliant interoperability and consent management
layer. Methodologically, the FEACAN was realized with Solidity,
TensorFlow, and Ethereum/Hyperledger testnets, and tested by
simulating healthcare scenarios such as EHR exchange, and ad-
versary search. We obtained 93.2% precision of anomaly detection,
17.6% reduction of energy consumption, 42 transactions per
second throughput in Hyperledger, and 98.7% of success rate of
HL7-FHIR transformation, etc. The framework also demonstrated
100% smart contract-based consent compliance under test cases.
The results indicate that CA-HBCA can be employed for the
establishment of secure, sustainable and regulation-compliant
blockchains in digital health infrastructures. In the future, we will
also carry out validation with clinical real data sets and investigate
the scalability in a variety of healthcare settings.
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I. INTRODUCTION

The EHR safe use and of I envisage core components of all
of it foundation the strong and interconnected, secure and an

exchange of health data management in the new digitized world
of the health care [1]-[4]. Patient data integrity, availability and
confidentiality underpin EHR, remote diagnostics, telemedicine,
and clinical trials [5], [6]. The increasing complexity and
volume of health data alongside growing privacy concerns and
worldwide compliance regulations (including GDPR, HIPAA,
and HL7) show a rising complexity challenge to conventional
systems of healthcare information [7].

Blockchain technology provides a promising answer to many
of these problems [8], [9]. Its key properties — immutability,
decentralization, auditability, and distributed trust — meet well
the most critical needs of health care. Some of the blockchain
applications in healthcare space are EHR management, supply
chain transparency, enabling access control, enforcing consent,
and upholding clinical research integrity [10]-[12]. MedRec,
OmniPHR and Hyperledger Healthchain are examples of proof-
of-concept models. But these systems are used to work in
outdated architectures, with limited adaptiveness as they do not
include real-time intelligence or sustainability-aware operations
[13]-[15].

Software engineering frameworks for healthcare software on
top of blockchain have been mainly concentrated on modular
design and static requirements engineering in the past. As
an example, S3EF-HBCAs proposed [16] a reusable secure
methodology for software development applied through smart
contracts and BC-SQUARE model. Though working well for
modeling and preliminary planning purposes, S3EF-HBCAs
lacks dynamic adaptability, online anomaly detection, and con-
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