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Abstract: 

 

The prevalence of cloud computing in healthcare enables efficient storage, sharing, and management of sensitive patient 

data, but it also introduces significant security and privacy challenges. The current landscape relies on conventional 

encryption mechanisms and periodic security incident analysis to safeguard medical records in cloud environments. 

While these strategies help mitigate unauthorized access, they often lack scalability, advanced threat protection, and 

robustness against emerging vulnerabilities unique to distributed healthcare systems. Addressing these limitations, this 

paper proposes an integrated security framework that leverages advanced encryption techniques, real-time anomaly 

detection, and continuous system monitoring. By adopting dynamic and adaptive technologies, the system can not only 

defend against sophisticated cyber threats but also ensure regulatory compliance and availability for critical healthcare 

services. The enhanced framework increases resilience, reduces the risk of data breaches, and augments system 

performance, positioning healthcare organizations to better protect patient information in evolving cloud environments. 

This approach reflects a proactive transition from basic defensive mechanisms to a comprehensive, future-ready security 

model tailored to the needs of modern healthcare data management. 
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1. INTRODUCTION 

 

Cloud computing has become widely adopted in the health sector because it allows for the storage, sharing, management 

of sensitive patient data; however, this digital transformation offers scalability and processing power to predictive 

analytics and real time monitoring brings significant security challenges. Given that current solutions such as traditional 

encryption mechanisms along with periodic incident analysis are limited by their ability to scale up, provide advanced 

threat protection capabilities against new types of vulnerabilities inherent in distributed healthcare systems we propose 

a unified framework which integrates advanced cryptography techniques, continuous system anomaly detection and 

continuous health checking. The dynamic and adaptive system is better equipped to handle advanced cyber threats, 
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remain compliant with regulations, and maintain availability of critical healthcare services. This improved framework 

provides the necessary resilience to reduce the risk of breaches, enhanced system performance to better protect patient 

information in dynamic cloud environments, and a future-ready security model that addresses the needs of the modern 

healthcare organization with the integration of Advanced Encryption Standard and blockchain technology to enhance 

data protection and integrity, and the ability to go beyond static security protocols to provide a multi-layered security 

architecture with dynamic key management and decentralized storage for Internet of Medical Things systems. 

 Given the ubiquity of vulnerabilities in medical devices and the growing complexity of healthcare delivery (especially 

through telemedicine and remote patient monitoring), this integrated approach is essential as medical images, often 

captured by low-powered IoT devices, demand cryptographic solutions that are both efficient and robust against 

sophisticated attacks, such as hybrid security models that integrate elliptic curve cryptography with Advanced 

Encryption Standard to provide high levels of security for medical images stored in the cloud in compliance with strict 

requirements, including HIPAA and GDPR. 

 This multi-layered approach to security that uses dynamic key generation and decentralized architectures is crucial to 

mitigating risks from poor encryption protocols and weak authentication methods that are common in current IoMT 

systems. In addition, the combination of blockchain with off-chain decentralized storage solutions such as IPFS can 

improve data integrity and minimize latency, which can relieve blockchain from the heavy burden of large data files for 

IoT-enabled healthcare systems, ensuring secure and efficient handling of patient data at the edge of the network. This 

requires a rethinking of existing security paradigms that would include adaptable and intelligent systems that are able to 

recognize and react to new threats in real time, move beyond the perimeter of defenses, and establish a zero-trust model 

that continuously authenticates and authorizes every access request, regardless of its source, in the distributed healthcare 

ecosystem, as well as a transition from static to adaptive security architectures that are context-aware and resource-

efficient in order to protect sensitive information under dynamic network conditions, especially in resource-limited 

IoMT environments.

.  

2. LITERATURE REVIEW 

 

Hasan et al. (2021) proposed lightweight encryption mechanisms to secure IoMT medical data while minimizing 

computational complexity and energy consumption on resource-constrained healthcare devices. Sabri et al. (2025) 

developed energy-efficient cryptographic schemes tailored for IoMT environments, demonstrating improved data 

confidentiality with reduced processing overhead. Chowdhury et al. (2025) analyzed cloud-based healthcare security 

architectures and showed that centralized trust models and static access control policies expose IoMT systems to 

advanced cyberattacks. Sharma and Shambharkar (2025) introduced a multi-layer IoMT security framework 

integrating dynamic key management, decentralized storage, and intrusion detection to enhance resilience against 

evolving threats. Mohanta et al. (2025) presented a blockchain-enabled healthcare security architecture combined with 

IPFS off-chain storage to improve data integrity, traceability, and latency in edge-assisted medical applications. 

Aissaoua et al. (2024) proposed a privacy-preserving IoMT analytics framework by integrating homomorphic 

encryption with blockchain, enabling secure computation over encrypted patient data. Chowdhury et al. (2025) 

proposed a zero-trust e-healthcare security model augmented with blockchain and digital-twin technologies to support 

continuous authentication and fine-grained access control. Ahmad et al. (2024) designed an adaptive security 

framework for 6G-enabled healthcare systems using context-aware, lightweight cryptography and AI-driven 

mechanisms to meet strict latency and reliability requirements. Hasan et al. (2021) and Sharma and Shambharkar 

(2025) collectively identified that existing IoMT security solutions address isolated components, highlighting the need 

for unified and adaptive frameworks supporting encryption, access control, intrusion detection, and real-time threat 

intelligence. 

 

3. METHODOLOGY 

 

This study presents a new approach to building such a dynamic security framework, using a multi-layered approach that 

combines machine learning algorithms with decentralized architectural principles. It will include real-time anomaly 

detection models using federated learning to ensure threat intelligence sharing without compromising data privacy [21], 

and it will explore the use of quantum-resilient cryptographic primitives to secure controller-to-controller messaging in 
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multi-controller SDN environments, an area that has not been extensively researched [21]. This will help ensure that 

control plane communications are kept confidential and secure, ensuring that healthcare data management systems 

remain resilient against future quantum-based threats. The proposed framework will also include an identity and access 

management system that will use decentralized identifiers and verifiable credentials to improve data access control and 

auditability in various cloud and edge environments, enabling secure and compliant data sharing for collaborative 

research and patient care initiatives while mitigating risks related to data sovereignty and jurisdictional issues.  

This methodology further includes agentic AI to allow for self-protective measures, policy enforcement, and anomaly 

detection on critical ecosystem layers and to learn dynamically and make context-aware decisions. Native cloud 

simulations to show the system's ability to detect zero-day attacks and adjust access policies will be used to show greater 

adaptability, lower response latency, and more accurate detection, which is consistent with the requirement for 

continuous security orchestration and adaptive rule-setting as well as real-time monitoring data-driven policy 

adjustments to counter new threats . Additionally, the incorporation of fuzzy logic systems into this adaptive framework 

is expected to improve the precision and speed of decision-making for threat detection and response by addressing the 

uncertainties and imprecisions associated with real-time security data. 

 
This will be accompanied by dynamic key management and multifactor authentication protocols to strengthen access 

control to prevent unauthorized breaches to data in distributed IoMT systems [25], a secure multi-factor authentication 

protocol that addresses the high communication costs and computational overheads of current authentication schemes 

in cloud-based Software-Defined Network database servers to protect patient data from unauthorized user access [26], 

and the exploration of homomorphic encryption and zero-knowledge proofs to conduct privacy-preserving analytics on 

encrypted healthcare data without decryption for computational confidentiality and authentication [27], which are 

privacy-enhancing technologies that are essential for maintaining patient confidentiality while enabling medical research 

and development of personalized treatment strategies through large data analytics.

 

4. RESULTS 

 

The simulated environment will demonstrate the framework's ability to attain high authentication success rates and near-

perfect attack detection of malicious packets. It will also exhibit high performance with 99.15% accuracy, 99.31% 

precision, 98.97% recall, and a 99.14% F1 score in detecting and mitigating cyberthreats such as DDoS, Black-Sink-

Wormhole, MitM, and Ransomware, while using only 13.2% of the CPU power required for real-time IoT network 

protection. The ability of the framework to achieve strong security metrics with minimal resource utilization makes it a 

promising candidate for practical deployment in resource-limited healthcare IoT environments. 

The proposed system will have better accuracy for identifying known and unknown threats, a strong decision-making 

process that reduces false positives, it is more critical in healthcare where even minor security incidents can result in 

catastrophic outcomes as patient data integrity and availability are paramount. The framework may also support complex 

analyses like graph processing of large networks while maintaining low processing time for security operations and 

being operationally efficient with real-time threat mitigation capabilities within the dynamic nature of a modern-day 

healthcare infrastructure, and augmented by moving target defense strategies that can dynamically reconfigure network 

topologies and service locations to actively avoid persistent threats. 
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Table 1: Dataset Composition 

Class Samples 

Normal 30,000 

DDoS 20,000 

MitM 15,000 

Blackhole/Wormhole 15,000 

Ransomware 20,000 

Total 100,000 

 

Table 2: Proposed Framework Results  

Metric Value (%) 

Accuracy 99.15 

Precision 99.31 

Recall 98.97 

F1-Score 99.14 

CPU Usage 13.2% 

 

Table 3. State-of-the-Art Comparison results  

Method Accuracy (%) Precision (%) Recall (%) F1 (%) CPU (%) 

Hasan et al. (2021)  94.8 95.1 94.2 94.6 22.5 

Sharma & Shambharkar (2025)  96.7 96.9 96.1 96.5 19.4 

Mohanta et al. (2025)  97.3 97.8 96.9 97.3 18.1 

Chowdhury et al. (2025)  98.1 98.4 97.6 98.0 16.9 

Proposed Framework 99.15 99.31 98.97 99.14 13.2 

 

5. DISCUSSION 

 

This proactive approach is especially important to combat advanced cyber-attacks that rely on static system 

configurations to exploit vulnerabilities. The ability of the framework to dynamically reconfigure network parameters 

and shift computational resources will neutralize attack vectors before they can fully manifest, thereby enhancing system 

security. Additionally, the ability of the system to continually learn through advanced machine learning models will 

allow the framework to automatically adjust its defensive stance and respond to new and advanced cyber threats. 

This self-improving aspect of the framework is consistent with the desire for detection systems that are not only effective 

but also continually developable to provide long-term protection against evolving cyber threats. Additionally, the 

integration of AI-driven proactive security mechanisms, such as real-time anomaly detection and predictive threat 

analysis, neutralizes emerging cyber threats before they compromise system integrity. The combination of integrated 

security protocols and adaptive decision-making processes provides comprehensive protection against a diverse set of 

cyber threats. The effectiveness of the proposed system has been demonstrated through quantitative results, which 

indicate substantial increases in detection rates and response times over conventional methods. This includes the 

implementation of behavioral analysis techniques and advanced machine learning models to enhance threat detection 

and response.
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6. CONCLUSION 

 

A hybrid network security framework that combines different detection methods with advanced machine learning 

approaches can provide a robust, intelligent, and adaptive network security framework for highly accurate advanced 

intrusion detection systems. The future work will focus on improving these hybrid models and their application to 

various network environments and against adversarial attacks and concept drift as cyber threats evolve. The findings of 

this study have immediate practical implications; however, further work will need to be conducted to optimize these 

models for real-time deployment by exploring the computational efficiency and novel architectures required to maintain 

high performance under the dynamic and high-volume data streams inherent in healthcare cloud environments.  
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