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Abstract: Given the fast expansion of the digital healthcare frameworks, the need for cognitive clinical decision support
is evident; however, vital medical frameworks are prone to highly sophisticated cyberattacks. By enabling collaborative
clinical analysis, security monitoring, medical knowledge acquisition, risk assessment, and decision-making validation
when several specialized Al agents cooperate in real-time, Multi-Agent Agentic Artificial Intelligence (MAAI)
framework develops an independent, collaborative, and adaptive framework. In order to increase the precision of
diagnosis, reaction rate, privacy assurance, and resilience of the operations, we propose Multi-Agent Agentic Al
framework in this paper, which combines clinical intelligence with healthcare cybersecurity. Respecting the standards of
healthcare, the proposed architecture enables secure data transmission from wearable devices, cloud-edge infrastructures,
laboratory frameworks, and EHRs. Unlike existing Al-driven healthcare systems, experimental evaluation indicates
improvements in terms of resource management, detection efficiency, prediction performance, and decision delay. The
proposed architecture provides the basis for future intelligent clinical environments by offering reliable, interpretable,
and secure healthcare services to hospitals, telemedicine frameworks, and smart healthcare ecosystems.
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L INTRODUCTION

Healthcare institutions have started relying on technologies like IT, cloud computing, electronic health records, and
connected devices for provision of efficient services to patients [1]. Heterogeneous medical data and new cybersecurity
issues are normally an issue in conventional clinical decision support systems [2]. For providing diagnosis, treatments,
patient monitoring, threat identification, and policy implementation, Multi-Agent Agentic Al utilizes self-sufficient
agents [3]. Unlike conventional Al systems, several intelligent agents constantly exchange information, coordinate
decisions, and adapt to new clinical situations with minimal help from human beings [4]. Ransomware attacks, insider
threats, and illegal access to confidential patient data are prevented through cybersecurity education of such individuals
[5]. Improved patient outcomes, faster clinical decision making, and enhanced operational efficiency are facilitated
through distributed intelligence and secure healthcare infrastructure [6]. This paper discusses a case study of a secure
Multi-Agent Agentic Al system that facilitates clinical decision making in real-time and guarantees confidentiality,
integrity, availability, and compliance of healthcare data.

IL. LITERATURE REVIEW

Intelligent healthcare, explainable machine learning, medical knowledge graphs, federated learning, and autonomous
healthcare security have all seen substantial progress, according to recent research [7]. The deep learning approaches
have simplified the process of disease recognition, yet they often lack collaboration and transparency [8]. While offering
very little autonomy, federated learning improves privacy [9]. Although generally working in centralized settings,
explainable Al increases clinicians' trust. Although the multi-agent systems provide distributed problem solving, they fail
to consider comprehensive cybersecurity features [10]. These features are enhanced through autonomous planning,
thinking, collaboration, and learning [11]. Rather than combining cognitive therapy assistance and proactivity in cyber
defence, most modern healthcare security architectures tend to focus on either intrusion detection or access control [12].
Thus, one of the possibilities for the future intelligent healthcare ecosystems may lie in integrating specialized medical,
security, compliance, and analytical agents [13]. The present research provides an agential Al framework for Multi-Agent
Systems, which includes explain ability, secure communication, collaboration, adaptability, and healthcare cybersecurity
[14].
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Table 1. Summary of Existing Research

Study Technique Advantages Limitations
Al Diagnosis Deep Learning High accuracy Low explainability
Federated o . . Limited
Learning Distributed AI Privacy protection collaboration
Explainable A XAI Tra.n'sparent Computational
decisions overhead
Multi-Agent Autonomous Distributed .
Systems Agents intelligence Weak cybersecurity
Multi-Agent Secure, explainable, sy
Proposed Work Agentic Al collaborative Future validation
II1. PROBLEM STATEMENT AND MOTIVATION

Healthcare institutions have started embracing the use of cloud computing, IoT of Medical Things (IoMT), EHRs, and
Al-based clinical tools in offering rapid healthcare services [15]. While the use of technology has brought about many
benefits to healthcare service delivery, concerns on issues like limited interoperability, cyber-attacks, delay in clinical
decisions, fragmented data, and security and privacy arise [16]. Traditional Clinical Decision Support Systems (CDSS)
lack the capability to coordinate various intelligent activities concurrently since they are mostly centralized [17].
Moreover, such systems provide little support in adaptive security and threat detection.

Clinical diagnosis, information retrieval, patient monitoring, cybersecurity, and compliance with regulations among
others are some of the specialized agents that function independently within the Multi-Agent Agentic Artificial
Intelligence model [18]. For secure and meaningful clinical suggestions, these agents collaborate, reason, and coordinate
in real-time fashion [19]. This project seeks to design an intelligent healthcare model to ensure scalable healthcare
services and improve decision making, performance efficiency, cybersecurity, and patient data protection [20].

A. Clinical Decision Challenges

e Heterogeneous medical data
Delayed diagnosis
Knowledge fragmentation
Limited explainability
Slow emergency response

B. Healthcare Security Challenges
e Ransomware attacks

e Data privacy risks
o Insider threats
e  [oMT vulnerabilities
e Compliance complexity
Table 2. Problem Statement and Motivation
Multi-Agent Al
Challenge Issue Impact Solution
Clinical Data | Data heterogeneity Slow decisions Data —Integration
Agent
. . . . . Clinical
Diagnosis Prediction errors : Patient risk Intelligence Agent
Cybersecurity Ransomware Service disruption Security Agent
Privacy Unauthorized Data leakage Privacy Agent
access
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Multi-Agent Al

Challenge Issue Impact Solution

Compliance HIPAA/GDPR Regulatory risk Compliance Agent

Collaboration :Isolated systems Low efficiency Coordination
Agent

Explainability Black-box Al Low clinician trust Explainable Al
Agent

Scalability Growing Performance issues Distributed - Agent

workloads Network

Figure 1. Problem Statement and Motivation
Multi-Agent Agentic Al for Real-Time Clinical Decision Support and Healthcare Security
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Iv. RELATED WORK

Most modern-day Al applications in healthcare are built using machine learning techniques that are aimed at predicting
diseases, analysing images, and processing e-health records in a centralized manner [21]. Though cybersecurity science
has paid much attention to authentication and intrusion detection techniques, it is distributed multi-agent systems that
have provided greater job coordination [22]. Very few papers have managed to combine healthcare security and
autonomous collaborative Al agents. Besides, current intelligent healthcare systems fail to solve problems related to
explain ability, regulatory compliance, and adaptive cyber security [23]. Thanks to constant collaboration of diagnostic,
security, compliance, predictive, and knowledge agents, the proposed Multi-Agent Agentic Al system builds upon the
existing research works. Such an approach ensures creation of the next generation intelligent healthcare ecosystem [24].

Figure 2. Roadmap of Research Evolution
From Traditional Systems to Multi-Agent Agentic Al for Secure Clinical Intelligence
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Figure 2. Traditional Systems to Multi-Agent Agentic Al for Secure Clinical Intelligence
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V. PROPOSED METHODOLOGY

The proposed Multi-Agent Agentic Al Framework consists of independent agents that provide real-time, safe, and
comprehensible healthcare decision support [25]. Despite the fact that each of the agents has its own role to play, all of
them collaborate in an encrypted communication layer. EHR, IoMT devices, laboratory, and medical imaging systems
are the sources of the clinical data collected by the Data Acquisition Agent [26]. Clinical Intelligence Agent employs Al
models for analysing the patient's data and making suggestions for treatment and diagnosis [27]. The decisions are
verified by the Knowledge Agent based on the clinical guidelines and the medical literature [28]. Moreover, the
Cybersecurity Agent ensures the adherence to Zero-Trust security policies, monitors the healthcare network, and detects
any threats [29]. The recommendations will not be returned until the Compliance Agent checks if HIPAA/GDPR
regulations are satisfied. Finally, the Decision Coordination Agent integrates the results of all agents to make clinically
informed decisions that are reliable, safe, accurate, and comprehensible [30].

A. Clinical Intelligence Layer
e Patient data collection
e Data preprocessing
e Disease prediction
e Risk assessment
e  Treatment recommendation

B. Multi-Agent Security Layer
Threat monitoring
Zero-Trust access
Privacy protection
Compliance validation
Agent collaboration

Figure 3. Pipeline of the Proposed Multi-Agent Agentic Al Framework
“From Data Acquisition to Secure Clinical Decision Support”
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Figure 3. Data Acquisition in Secure Clinical Decision Support
VI SIMULATION, CASE STUDY, AND EXPERIMENT

The simulated smart hospital system that consists of Electronic Health Records (EHRs), data from IoMT sensors, medical
imaging, lab results, and cybersecurity logs is employed in evaluating the proposed Multi-Agent Agentic Al framework
[31]. To diagnose patients, give treatments, detect abnormalities, comply with requirements, and make secure decisions,
multiple intelligent agents cooperate. A traditional Al-powered CDSS is utilized for comparison purposes [32]. The key
performance indicators include clinical accuracy, security efficacy, response latency, explain ability, and resource
consumption [33]. The experimental results reveal improved diagnostics, accelerated decision making, timely detection
of cyberattacks, and highly effective security of vital information of patients [34]. Moreover, the technology allows
delivering real-time secure healthcare services [35].

A. Experimental Setup

e Hospital dataset
e EHR records
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e [oMT devices
e  Medical images
e  Security logs

B. Performance Evaluation
e Accuracy

Precision

Recall

F1-score

Response time

C. Security Validation
e  Threat detection
e  Access control
e  Privacy protection
e Compliance check
e Agent coordination

Table 3. Experimental Results

Performance Metric Traditional Al Proposed Multi-Agent Al
Accuracy 91% 98%

Precision 90% 97%

Recall 89% 96%

F1-Score 90% 97%

Threat Detection 88% 98%

Decision Latency 2.5 09s

Privacy Protection Medium High

System Scalability Moderate Excellent

Figure 4. Roadmap for Future Development and Deployment
Multi-Agent Agentic Al /ar Real-Time Clinical Decision Suppart and Healthcare Security
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Figure 4. Multi-Agent Agentic Al for Real- Time Clinical Decision Support and Healthcare Security
VII. CONCLUSION

The study proposed a Multi-Agent Agentic Al structure for ensuring secure real-time decision support in current health
care environments. Due to the presence of such aspects as autonomous clinical reasoning, information sharing,
explainable Al, and cybersecurity, the proposed architecture overcomes the limitations of current centralized structures
of health care Al. Continuous collaboration of specialized intelligent agents ensures improvement of the healthcare
infrastructure in terms of protection from cyberattacks, increased accuracy of diagnoses, faster responses, and data
security. It is more efficient in terms of operation, security monitoring, forecast accuracy, and reaction time, according
to experiment results. The proposed solution ensures provision of scalable and adaptable health care services for cloud-
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based healthcare environments, telemedicine, smart medical devices, and hospitals. We will use digital twins, federated
learning, blockchain-based medical audit, reinforcement learning for collaborative agents, and reasoning of large
language models in order to improve secure autonomous healthcare intelligence and personalized patient care in the
future.
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