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Abstract  
Background: The rapid digital transformation of healthcare has significantly improved clinical efficiency, interoperability, and 

patient-centered care through the widespread adoption of electronic health records, Internet of Medical Things (IoMT) devices, 

telemedicine, cloud computing, and artificial intelligence. However, this increased connectivity has simultaneously expanded 

the cybersecurity threat landscape, exposing healthcare organizations to sophisticated attacks that threaten patient privacy, data 

integrity, and service continuity. Blockchain technology and intelligent algorithmic approaches have emerged as promising 

solutions for strengthening healthcare cybersecurity while ensuring secure and transparent data management. 

Aim: This review aimed to examine blockchain-based and algorithm-driven health security systems, evaluate their effectiveness 

in mitigating major cyber threats, and identify current challenges, limitations, and future research directions for securing modern 

healthcare information systems. 

Methods: A comprehensive narrative review of recent literature was conducted, focusing on blockchain architectures, artificial 

intelligence, cryptographic techniques, intrusion detection systems, access control mechanisms, and cybersecurity frameworks 

designed for healthcare environments. The reviewed studies were analyzed according to system architecture, security 

performance, attack mitigation capabilities, and implementation challenges. 

Results: The reviewed evidence demonstrated that blockchain-based systems significantly improve data integrity, 

authentication, transparency, traceability, and secure information sharing. Integrated artificial intelligence and cryptographic 

algorithms effectively mitigated unauthorized access, ransomware, denial-of-service, man-in-the-middle, data tampering, and 

privacy leakage attacks. Despite these advantages, challenges related to scalability, computational overhead, latency, 

interoperability, and user adoption remain barriers to widespread implementation. 

Conclusion: Blockchain integrated with advanced algorithmic security provides a robust foundation for protecting healthcare 

information systems. Continued advancements in artificial intelligence, scalable blockchain architectures, and adaptive 

cybersecurity strategies will be essential for developing resilient, secure, and trustworthy digital healthcare ecosystems. 

Keywords: Blockchain, Healthcare Cybersecurity, Artificial Intelligence, Health Security Systems, Electronic Health Records, 

Internet of Medical Things, Cryptography, Cyber Attacks, Data Privacy, Healthcare Informatics. 
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Introduction 

Introduction: 
The rapid digital transformation of healthcare 

has fundamentally reshaped the delivery, 

management, and accessibility of medical services 

worldwide. The widespread adoption of electronic 

health records (EHRs), cloud computing, 

telemedicine, artificial intelligence (AI), wearable 

medical devices, and the Internet of Things (IoT) has 

significantly improved healthcare efficiency, clinical 

decision-making, and patient-centered care. These 

technological innovations have enabled healthcare 

organizations to enhance diagnostic accuracy, 

facilitate real-time communication among healthcare 

providers, optimize resource utilization, and improve 

the continuity of patient care. However, this increasing 

dependence on interconnected digital systems has 

simultaneously expanded the cyber threat landscape, 

exposing healthcare organizations to sophisticated 

cybersecurity risks. As healthcare institutions 

continuously generate, transmit, and store enormous 

volumes of highly sensitive patient information, they 

have become one of the most attractive targets for 

cybercriminals seeking financial gain, identity theft, or 

disruption of essential healthcare services [1]. 

Healthcare data are among the most valuable forms of 
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digital information because they contain 

comprehensive personal, clinical, financial, and 

biometric records that can be exploited for multiple 

malicious purposes. Unlike financial information, 

which can often be replaced or modified after a breach, 

medical records contain permanent patient identifiers 

and lifelong clinical histories that cannot easily be 

altered. Consequently, the confidentiality, integrity, 

and availability of healthcare information have 

become critical priorities for healthcare organizations 

and national health systems. The continuous exchange 

of patient information across hospitals, clinics, 

laboratories, pharmacies, insurance providers, and 

public health agencies further increases the 

complexity of maintaining secure healthcare 

information systems. Although digitalization has 

greatly enhanced healthcare delivery and operational 

efficiency, it has also introduced substantial 

cybersecurity challenges that require continuous 

technological innovation and organizational 

preparedness [2]. 

\The integration of IoT technologies into 

healthcare has further accelerated this transformation 

by enabling continuous patient monitoring, remote 

healthcare delivery, intelligent medical devices, and 

automated clinical workflows. Connected medical 

equipment, wearable sensors, implantable devices, 

and smart monitoring systems generate real-time 

clinical information that supports early diagnosis and 

personalized treatment strategies. Despite these 

significant clinical benefits, increased connectivity has 

substantially enlarged the attack surface available to 

cyber adversaries. Every connected device, 

communication channel, and cloud-based application 

represents a potential entry point for unauthorized 

access, data theft, or malicious system disruption. 

Consequently, protecting interconnected healthcare 

ecosystems has become increasingly challenging as 

healthcare organizations seek to balance accessibility, 

interoperability, and cybersecurity [1,2]. Healthcare 

data breaches continue to represent one of the most 

significant cybersecurity concerns facing modern 

healthcare systems. In many countries, regulatory 

frameworks such as the Health Insurance Portability 

and Accountability Act (HIPAA) Privacy Rule 

establish strict standards governing the protection, 

confidentiality, and secure management of patient 

information. Nevertheless, healthcare organizations 

continue to experience substantial numbers of data 

breaches arising from human error, insider threats, 

theft, ransomware attacks, system vulnerabilities, and 

accidental data loss. Among these causes, human error 

remains one of the most common contributors, 

reflecting inadequate cybersecurity awareness, 

insufficient staff training, weak authentication 

practices, and improper handling of confidential 

information. Although technological vulnerabilities 

receive considerable attention, organizational and 

human factors remain equally important determinants 

of healthcare cybersecurity performance [3]. 

The global healthcare sector has witnessed an 

unprecedented escalation in cyber-attacks over the 

past decade. Unfortunately, cybersecurity 

preparedness has not progressed at the same pace as 

digital transformation in many healthcare 

organizations. Information systems security continues 

to be underestimated in numerous countries, where 

healthcare institutions frequently allocate only a 

limited proportion of their operational budgets to 

cybersecurity infrastructure, workforce training, and 

incident response capabilities. This imbalance creates 

substantial vulnerabilities that increase the likelihood 

of successful cyber intrusions, service interruptions, 

and large-scale data breaches. The shortage of 

cybersecurity specialists within healthcare 

organizations further compounds these challenges by 

limiting the ability to proactively detect, prevent, and 

respond to sophisticated cyber threats [2,4]. The 

Coronavirus Disease 2019 (COVID-19) pandemic 

further intensified cybersecurity challenges across the 

healthcare sector. The rapid expansion of telemedicine 

services, remote working environments, digital 

communication platforms, and cloud-based healthcare 

applications significantly increased organizational 

exposure to cyber threats. During the pandemic, 

healthcare organizations experienced substantial 

increases in ransomware attacks, phishing campaigns, 

fake online identities, misinformation campaigns, 

supply chain attacks, and attempts to compromise 

critical healthcare infrastructure. These attacks not 

only threatened patient privacy but also disrupted 

essential healthcare services, delayed clinical 

operations, and endangered patient safety. The 

growing frequency and sophistication of cyber-attacks 

have highlighted the urgent need for innovative 

cybersecurity technologies capable of protecting 

increasingly complex healthcare information systems 

[5]. 

In response to these evolving threats, 

healthcare organizations have begun exploring 

advanced technological solutions capable of 

strengthening cybersecurity while maintaining 

efficient information sharing and clinical 

interoperability. Among the most promising 

innovations are blockchain technology and artificial 

intelligence-driven algorithmic security approaches. 

These technologies offer complementary capabilities 

that enhance data protection, automate threat 

detection, improve authentication mechanisms, and 

strengthen the resilience of healthcare information 

systems against emerging cyber risks. Blockchain 

technology provides a decentralized and tamper-

resistant framework for securely managing healthcare 

information. Unlike conventional centralized 

databases that rely on a single controlling authority, 

blockchain distributes data across multiple 
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interconnected nodes, thereby eliminating single 

points of failure and reducing the likelihood of 

unauthorized data manipulation. Every healthcare 

transaction, including updates to electronic health 

records, patient consent management, prescription 

verification, laboratory reporting, and pharmaceutical 

supply chain monitoring, is cryptographically 

encrypted, timestamped, and permanently recorded 

within an immutable distributed ledger. Each newly 

generated record is mathematically linked to the 

preceding transaction through unique cryptographic 

hash functions, ensuring complete traceability while 

preserving data integrity and transparency throughout 

the healthcare ecosystem [6]. One of blockchain's 

most significant advantages is its ability to provide 

patients with greater control over access to their 

personal health information. Through decentralized 

identity management and permission-based access 

control, patients can securely authorize healthcare 

providers, insurers, researchers, and other 

stakeholders to access specific portions of their 

medical records without compromising privacy. This 

patient-centered model enhances transparency, 

strengthens trust, and supports regulatory compliance 

while facilitating secure information exchange among 

authorized users. Furthermore, blockchain technology 

improves pharmaceutical supply chain management 

by verifying drug authenticity, preventing counterfeit 

medications, tracking product distribution, and 

enhancing recall management. The technology also 

streamlines health insurance processes by automating 

claims verification, eligibility assessment, and 

payment authorization through secure distributed 

ledgers, thereby reducing administrative 

inefficiencies, operational costs, and fraudulent 

activities [6]. 

From a technical perspective, blockchain 

relies on sophisticated cryptographic principles and 

distributed consensus mechanisms to maintain 

network integrity and security. Every participant 

within the blockchain network possesses a unique 

cryptographic key pair used for secure authentication 

and digital signature verification. Healthcare 

transactions are grouped into sequential blocks, with 

each block containing a cryptographic reference to the 

previous block, thereby creating an immutable 

chronological chain of information. This architecture 

ensures that any attempt to modify historical records 

immediately alters the associated cryptographic hash 

values, making unauthorized data manipulation 

readily detectable. Rather than relying on centralized 

oversight, blockchain networks achieve data 

validation through consensus mechanisms, including 

proof of work, proof of stake, or proof of authority, 

depending on the network architecture. These 

mechanisms enable independent network participants 

to collectively verify transaction authenticity before 

new information is permanently incorporated into the 

distributed ledger. By combining decentralization, 

cryptographic security, immutable data storage, and 

consensus-based validation, blockchain establishes a 

highly secure, transparent, and trustworthy 

infrastructure capable of supporting the growing 

cybersecurity requirements of modern healthcare 

information systems [7][8]. 

Overview of Health Security Systems 

The rapid digital transformation of healthcare 

has fundamentally changed the way medical 

information is generated, transmitted, stored, and 

utilized across healthcare organizations. Electronic 

health records, medical imaging systems, cloud 

computing platforms, artificial intelligence 

applications, telemedicine services, wearable 

technologies, and Internet of Things (IoT)-enabled 

medical devices have become indispensable 

components of modern healthcare delivery. These 

technologies have significantly improved clinical 

efficiency, communication, diagnostic accuracy, and 

patient-centered care. However, the increasing 

dependence on interconnected digital infrastructures 

has also introduced unprecedented cybersecurity 

challenges that threaten the confidentiality, integrity, 

and availability of healthcare information. 

Consequently, health security systems have emerged 

as an essential component of contemporary healthcare 

organizations, providing comprehensive frameworks 

designed to safeguard digital assets, ensure 

uninterrupted clinical services, and protect sensitive 

patient information from increasingly sophisticated 

cyber threats. Health security systems encompass a 

broad spectrum of administrative, technical, 

organizational, and technological measures developed 

to protect healthcare information systems from 

unauthorized access, cyberattacks, data manipulation, 

and service disruption. These systems extend beyond 

conventional cybersecurity by integrating risk 

assessment, access control, encryption, network 

monitoring, incident response, regulatory compliance, 

disaster recovery, and continuous security surveillance 

into a unified framework. Their primary objective is 

not only to protect confidential patient information but 

also to preserve clinical accuracy, maintain 

operational continuity, and ensure patient safety. As 

healthcare increasingly depends on digital 

technologies for diagnosis and treatment, the 

reliability and resilience of health security systems 

have become directly associated with the quality and 

safety of healthcare delivery. One of the most 

significant concerns in contemporary healthcare 

cybersecurity is the integrity of clinical data. 

Healthcare professionals rely extensively on digital 

information to make diagnostic and therapeutic 

decisions, meaning that even minor alterations to 

patient records may produce severe clinical 

consequences. Malicious modification of laboratory 

reports, medication histories, radiological images, or 

electronic health records can result in delayed 

diagnosis, inappropriate treatment, medication errors, 

unnecessary surgical interventions, or life-threatening 

clinical outcomes. Unlike many other industries where 
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data manipulation primarily results in financial losses, 

compromised healthcare information directly 

threatens patient health and survival. Consequently, 

ensuring the integrity of digital medical records has 

become one of the highest priorities within modern 

health security systems. 

The emergence of sophisticated cyber threats 

has demonstrated that attackers increasingly target not 

only healthcare databases but also advanced 

diagnostic technologies. One particularly concerning 

example involves the manipulation of diagnostic 

imaging data through artificial intelligence-based 

attacks. Researchers have demonstrated that malicious 

software can alter computed tomography (CT) and 

magnetic resonance imaging (MRI) scans by inserting 

or removing pathological findings such as tumors. 

These manipulated images may deceive experienced 

radiologists into diagnosing diseases that do not exist 

or overlooking clinically significant abnormalities. 

Such attacks have profound implications because they 

undermine clinician confidence, compromise 

diagnostic accuracy, and expose patients to 

unnecessary invasive procedures or delayed treatment. 

The development of malware capable of introducing 

fictitious pathological conditions, including tumors or 

serious infectious diseases such as acquired 

immunodeficiency syndrome (AIDS), severe acute 

respiratory syndrome (SARS), and Ebola, illustrates 

the rapidly evolving sophistication of cyber threats 

targeting healthcare systems [5]. 

Medical imaging infrastructures are 

particularly vulnerable because of their extensive 

integration with hospital information systems and 

clinical communication networks. The Picture 

Archiving and Communication System (PACS), 

which serves as the primary platform for storing, 

retrieving, transmitting, and managing digital medical 

images, represents one of the most critical components 

of contemporary healthcare information systems. 

PACS enables seamless communication among 

radiologists, physicians, surgeons, and other 

healthcare professionals while facilitating rapid access 

to diagnostic imaging across multiple healthcare 

facilities. Despite its clinical importance, PACS 

remains exposed to numerous cybersecurity 

vulnerabilities because it interfaces with electronic 

health records, imaging modalities, cloud storage 

platforms, laboratory information systems, and 

external communication networks. This extensive 

connectivity significantly expands the potential attack 

surface available to cybercriminals seeking 

unauthorized access to healthcare infrastructure. 

Compromising PACS may allow attackers not only to 

manipulate diagnostic images but also to infiltrate 

interconnected hospital information systems, thereby 

gaining access to broader repositories of confidential 

patient information. Unauthorized access may result in 

theft of personal health information, alteration of 

clinical documentation, disruption of imaging 

services, ransomware attacks, or unauthorized 

disclosure of sensitive medical records. Because 

radiological images frequently serve as the foundation 

for critical clinical decisions involving oncology, 

neurology, cardiology, trauma care, and surgical 

planning, maintaining the integrity and authenticity of 

imaging data is essential for ensuring accurate 

diagnosis and safe patient management. Consequently, 

protecting PACS has become a strategic priority 

within healthcare cybersecurity programs [8]. 

Modern health security systems employ 

multiple layers of defense to mitigate these evolving 

threats. Network segmentation limits unauthorized 

lateral movement within healthcare infrastructures, 

while strong authentication mechanisms, including 

multi-factor authentication, restrict system access to 

authorized personnel. Advanced encryption 

techniques protect sensitive patient information during 

storage and transmission, thereby reducing the risk of 

unauthorized disclosure. Continuous network 

monitoring, intrusion detection systems, behavioral 

analytics, and artificial intelligence-driven threat 

detection enable healthcare organizations to identify 

suspicious activities before significant damage occurs. 

Regular software updates, vulnerability assessments, 

penetration testing, and comprehensive incident 

response planning further strengthen organizational 

resilience against cyberattacks. Artificial intelligence 

and machine learning technologies have become 

increasingly important components of health security 

systems because they enable proactive identification 

of emerging threats through continuous analysis of 

network behavior, user activities, and system 

performance. Unlike conventional rule-based security 

mechanisms, intelligent algorithms can identify 

abnormal patterns indicative of cyber intrusions, 

insider threats, malware infections, or unauthorized 

data manipulation. Predictive analytics further 

supports healthcare cybersecurity by identifying 

vulnerabilities before exploitation occurs, enabling 

preventive interventions that reduce organizational 

risk. These intelligent security solutions significantly 

improve the speed and accuracy of threat detection 

while reducing the burden on cybersecurity personnel 

[6][7][8]. 

In addition to technological safeguards, 

effective health security systems require 

comprehensive organizational governance and 

continuous workforce education. Human error 

remains one of the leading causes of healthcare 

cybersecurity incidents, making cybersecurity 

awareness training essential for all healthcare 

professionals. Regular education regarding phishing 

attacks, password management, secure handling of 

patient information, and incident reporting strengthens 

organizational security culture and reduces 

preventable vulnerabilities. Healthcare leaders must 
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also establish clear cybersecurity policies, regulatory 

compliance programs, and multidisciplinary 

collaboration among information technology 

specialists, clinicians, administrators, and security 

professionals to ensure effective implementation of 

security measures. Extensive research has documented 

the development of numerous health security 

frameworks designed to address the growing 

complexity of cybersecurity threats within healthcare 

environments. These systems incorporate diverse 

technologies, including blockchain, cryptographic 

authentication, secure cloud computing, artificial 

intelligence, zero-trust architectures, and advanced 

access control mechanisms, each addressing specific 

categories of cyber threats while collectively 

strengthening overall healthcare resilience. 

Comprehensive evaluation of these security systems 

demonstrates that maintaining the confidentiality, 

integrity, and availability of healthcare information 

remains fundamental to ensuring accurate diagnoses, 

preserving patient safety, maintaining public trust, and 

supporting the delivery of high-quality healthcare 

services in an increasingly digital world [8]. 

Security Systems Based on Blockchain Approaches 

The rapid digitalization of healthcare has 

substantially increased the need for advanced 

cybersecurity frameworks capable of protecting 

sensitive medical information throughout its lifecycle. 

Modern healthcare information systems continuously 

collect, process, transmit, and store large volumes of 

confidential patient data originating from electronic 

health records, Internet of Medical Things (IoMT) 

devices, diagnostic imaging systems, wearable 

sensors, laboratory information systems, and cloud-

based healthcare platforms. As healthcare 

organizations become increasingly interconnected, the 

attack surface available to cybercriminals continues to 

expand, exposing critical infrastructures to 

sophisticated cyber threats. Consequently, 

considerable research efforts have focused on the 

development of blockchain-based health security 

systems that strengthen data confidentiality, integrity, 

availability, authentication, and traceability while 

supporting secure healthcare operations. Across the 

literature, the primary objective of these systems is to 

establish secure mechanisms for collecting, 

transmitting, sharing, and managing healthcare 

information without compromising system 

performance or clinical efficiency. A common 

characteristic observed across the reviewed 

blockchain-based healthcare security systems is their 

emphasis on comprehensive security architecture 

combined with rigorous performance evaluation. Most 

investigations assess both the design characteristics of 

the proposed systems and their effectiveness in 

mitigating cybersecurity threats under simulated or 

real-world conditions. Security evaluation typically 

focuses on resilience against unauthorized access, data 

tampering, identity spoofing, communication 

interception, malware attacks, denial-of-service 

incidents, and privacy breaches. Simultaneously, 

system performance is evaluated through metrics 

including computational efficiency, communication 

overhead, transaction latency, scalability, throughput, 

energy consumption, storage requirements, and 

response time [8-15]. This balanced approach reflects 

the recognition that healthcare security solutions must 

simultaneously provide robust protection while 

maintaining the operational efficiency required for 

time-sensitive clinical environments. The majority of 

recently developed healthcare security frameworks 

combine blockchain technology with algorithmic 

approaches, artificial intelligence, cryptographic 

techniques, and distributed computing architectures. 

Algorithm-driven security mechanisms have become 

particularly valuable because they provide automated 

threat detection, adaptive access control, intelligent 

authentication, anomaly detection, and predictive 

cybersecurity capabilities that exceed the performance 

of conventional rule-based security systems. These 

intelligent approaches enable continuous monitoring 

of healthcare networks while minimizing 

computational complexity and preserving the 

functionality of connected medical devices. 

Consequently, algorithmic security has become an 

integral component of next-generation blockchain-

enabled healthcare infrastructures [16-25].  

Unauthorized access remains one of the most 

frequently reported cybersecurity threats affecting 

healthcare information systems. According to 

Selvarajan and Mouratidis (2023), attackers 

continuously attempt to obtain unauthorized access to 

confidential medical information through credential 

theft, privilege escalation, identity impersonation, or 

exploitation of software vulnerabilities [26]. 

Successful unauthorized access may expose electronic 

health records, diagnostic reports, prescription 

histories, financial information, and personally 

identifiable patient data. Because healthcare 

information possesses exceptionally high commercial 

value, protecting against unauthorized disclosure 

remains a primary objective of blockchain-based 

healthcare security systems. 

Distributed denial-of-service (DoS) attacks 

constitute another major cybersecurity challenge 

facing modern healthcare organizations. These attacks 

intentionally overwhelm healthcare servers, 

communication networks, or cloud infrastructures 

with excessive malicious traffic, rendering critical 

healthcare services unavailable to legitimate users. 

During emergency situations, disruption of clinical 

information systems may delay diagnosis, interrupt 

treatment, impair communication among healthcare 

providers, and jeopardize patient safety. Blockchain-

based architectures improve resilience against DoS 

attacks by distributing information across 

decentralized nodes rather than relying on centralized 

servers, thereby reducing single points of failure and 

improving service availability [26]. Man-in-the-

middle attacks also represent a significant threat 
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within healthcare communication networks. In these 

attacks, malicious actors intercept communications 

between healthcare providers, patients, medical 

devices, or information systems without authorization. 

Attackers may modify transmitted information, steal 

confidential patient records, or manipulate clinical 

instructions before forwarding altered 

communications to the intended recipient. Blockchain 

technology, combined with strong cryptographic 

authentication and consensus mechanisms, 

significantly reduces susceptibility to these attacks by 

ensuring message authenticity, integrity verification, 

and secure communication channels [26]. Among the 

rapidly evolving cyber threats targeting healthcare 

organizations, ransomware has emerged as one of the 

most destructive attack vectors. Ransomware attacks 

encrypt healthcare databases and critical information 

systems, preventing authorized users from accessing 

essential clinical data until financial demands are 

satisfied. These attacks frequently disrupt hospital 

operations, delay medical procedures, and 

compromise patient care. Although ransomware has 

been widely recognized throughout the healthcare 

cybersecurity literature, Javaid et al. (2023) [2] 

observed that only a limited number of studies 

comprehensively evaluate ransomware within 

integrated healthcare security frameworks. Abuasal et 

al. (2024) [38] specifically identified ransomware as a 

primary cybersecurity threat and incorporated detailed 

analysis of ransomware prevention, detection, and 

mitigation strategies within their proposed healthcare 

security model. This broader consideration highlights 

the growing importance of designing healthcare 

security systems capable of addressing evolving 

malware threats alongside conventional cyberattacks. 

Medical image security represents another 

emerging research area within healthcare 

cybersecurity. Anand et al. (2024) [30] evaluated the 

robustness of their proposed healthcare security 

framework against several categories of image 

manipulation attacks. Their analysis included noise 

removal attacks involving Gaussian noise injection, 

geometric attacks including image rotation, zooming, 

resizing, cropping, and JPEG compression, as well as 

protocol-based attacks targeting image transmission 

processes. These evaluations demonstrate the 

increasing recognition that medical images require 

protection not only against unauthorized access but 

also against subtle manipulations capable of altering 

clinical diagnoses. Ensuring the authenticity and 

integrity of radiological images has therefore become 

an important objective of blockchain-supported 

healthcare security architectures. Intrusion detection 

systems have likewise become essential components 

of modern healthcare cybersecurity. Ravi (2023) [14] 

evaluated the performance of the N-IDS intrusion 

detection framework using multiple healthcare 

datasets to assess its capability for identifying 

malicious network activities. Intelligent intrusion 

detection systems continuously monitor healthcare 

communication networks, identify abnormal traffic 

patterns, and generate early alerts that enable rapid 

incident response. Integration of blockchain with 

intelligent intrusion detection enhances system 

transparency while improving the reliability and 

traceability of detected cybersecurity events. 

Blockchain technology has become one of the most 

extensively investigated approaches for strengthening 

healthcare cybersecurity. Numerous researchers have 

proposed innovative blockchain-enabled healthcare 

security frameworks that combine decentralized data 

management, cryptographic authentication, artificial 

intelligence, smart contracts, and distributed 

consensus mechanisms to address diverse healthcare 

cybersecurity challenges. 

One of the earliest comprehensive 

frameworks was introduced by Tariq et al. (2020) [15], 

who developed a blockchain-based security solution 

for Internet of Things-enabled smart healthcare 

systems. Their framework utilized blockchain to 

create a distributed and scalable infrastructure for 

secure medical transaction management while 

maintaining immutable patient records. The proposed 

architecture enhanced secure communication among 

healthcare providers, strengthened patient ownership 

of medical information, and improved transparency 

throughout healthcare information exchange. Puri et 

al. (2021) [16] further advanced this concept by 

integrating blockchain with artificial intelligence to 

establish a decentralized patient data management 

system. Their framework employed blockchain-based 

smart contracts combined with rule-based artificial 

intelligence algorithms to detect malicious IoT devices 

while simultaneously improving energy efficiency, 

minimizing communication delays, and optimizing 

transaction performance. The system focused 

primarily on protecting personal health records while 

automatically identifying suspicious network 

activities through embedded intelligent decision-

making mechanisms. Abid et al. (2022) [17] proposed 

a decentralized healthcare access control framework 

utilizing smart contracts together with the Generalized 

Temporal Role-Based Access Control model. Unlike 

conventional access control systems, this approach 

incorporated time-dependent authorization policies 

that dynamically regulated access privileges according 

to predefined temporal constraints. Experimental 

evaluation demonstrated low computational latency 

and reduced transaction costs, indicating that 

sophisticated access control mechanisms can 

substantially improve healthcare security without 

imposing excessive computational burdens. 

Blockchain applications have also expanded 

into healthcare administrative processes. Sharma et al. 

(2023) [18] developed an Ethereum-based blockchain 

application for managing medical certificates through 
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smart contracts. Their system enhanced transparency, 

improved document authenticity, reduced fraudulent 

certificate generation, and strengthened trust among 

healthcare organizations, patients, and regulatory 

authorities while maintaining efficient transaction 

processing. Selvarajan and Mouratidis (2023) [19] 

introduced the Consultative Transaction Key 

Generation and Management framework, which 

combines blockchain with advanced cryptographic 

techniques for secure healthcare communication. 

Their architecture utilizes the Quantum Trust 

Reconciliation Agreement Model to evaluate trust 

relationships among communicating entities while 

employing Tuna Swarm Optimization algorithms to 

validate nonce messages and ensure efficient 

cryptographic key generation. This combination of 

optimization algorithms and blockchain technology 

significantly strengthens authentication and secure 

data transmission. Similarly, Rani et al. (2023) [20] 

proposed an Internet of Things-based distributed 

healthcare framework integrating blockchain, artificial 

intelligence, smart contracts, and distributed database 

management systems. Their architecture eliminates 

single points of failure while improving healthcare 

transparency, data integrity, operational reliability, 

and secure remote healthcare delivery. The 

decentralized nature of the framework significantly 

enhances resilience against network failures and 

malicious cyberattacks. Recent studies have continued 

expanding blockchain capabilities within healthcare 

environments. Akinola et al. (2024) [21] designed a 

blockchain architecture integrating cryptographic 

hashing, digital signatures, Proof-of-Work, and Proof-

of-Stake consensus mechanisms while ensuring 

compliance with both HIPAA and General Data 

Protection Regulation (GDPR) requirements. Their 

framework demonstrates how regulatory compliance 

can be incorporated directly into blockchain 

architectures while maintaining the integrity of 

healthcare device data. 

Mohammed et al. (2024) [22] proposed the 

Pattern-Proof Malware Validation framework for 

distributed cloud-fog healthcare environments. 

Although specific attack scenarios were not explicitly 

evaluated, the proposed architecture demonstrated 

strong performance in malware validation and 

healthcare workflow protection within distributed 

computing infrastructures. Wu et al. (2024) [24] 

applied Hyperledger Composer technology to secure 

implant supply chain management using blockchain 

combined with hybrid encryption techniques. Their 

framework improved traceability, transparency, and 

security throughout healthcare logistics operations. 

Mallick et al. (2024) [25] further extended blockchain 

integration by combining the Internet of Medical 

Things, fog computing, blockchain, and the 

InterPlanetary File System into a unified decentralized 

medical information platform. Their framework 

employed the Elliptic Curve Digital Signature 

Algorithm to strengthen authentication while 

supporting scalable healthcare data storage and secure 

decentralized retrieval. Idrissi and Palmieri (2024) 

[26] proposed a blockchain-enabled Attribute-Based 

Access Control architecture integrating mobile agents 

and Elliptic Curve Cryptography to achieve efficient 

mutual authentication and rapid cryptographic key 

agreement while minimizing communication 

overhead. Despite these significant advances, 

blockchain implementation within healthcare 

continues to face several important challenges. 

Scalability remains one of the most frequently cited 

limitations. Akinola et al. (2024) [21] emphasized that 

although blockchain architectures theoretically 

support scalability, practical implementation within 

large healthcare networks requires more sophisticated 

artificial intelligence algorithms capable of managing 

extremely high transaction volumes without 

sacrificing performance. As healthcare organizations 

continue generating massive quantities of clinical 

information, maintaining rapid transaction processing 

becomes increasingly difficult. Performance 

degradation represents another major concern. The 

exponential growth of connected medical devices, 

wearable sensors, diagnostic equipment, and Internet 

of Medical Things technologies continuously 

increases blockchain transaction loads, resulting in 

reduced throughput, increased latency, and greater 

computational complexity. Such delays may 

significantly affect time-critical healthcare services 

where rapid access to patient information is essential 

for clinical decision-making. Consequently, 

performance optimization remains a major priority for 

future blockchain research [21]. 

Computational efficiency also presents 

important challenges for distributed healthcare 

environments. Mohammed et al. (2024) [22] 

demonstrated that increasing numbers of failed 

workflow tasks significantly increase computational 

time within distributed cloud-fog healthcare systems. 

Federated artificial intelligence has emerged as a 

promising solution because it distributes 

computational workloads across edge devices rather 

than relying exclusively on centralized processing. 

This decentralized analytical approach reduces 

communication overhead, minimizes storage 

requirements, improves scalability, lowers energy 

consumption, and strengthens patient privacy by 

avoiding unnecessary transmission of sensitive 

healthcare information. Finally, successful 

implementation of blockchain technology depends not 

only on cybersecurity performance but also on 

usability and user acceptance. Healthcare 

organizations operate across highly diverse clinical 

environments requiring flexible interfaces that 

accommodate physicians, nurses, pharmacists, 

administrators, and technical personnel. Wu et al. 

(2024) [24] emphasized that optimizing user 

interfaces, maintaining operational efficiency, and 

minimizing computational complexity remain 
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essential for achieving widespread adoption of 

blockchain-enabled healthcare security systems. 

Attack Types and Mitigation Strategies 

The continuous evolution of healthcare 

information systems has been accompanied by an 

equally rapid increase in the sophistication of cyber 

threats targeting digital healthcare infrastructures. 

Hospitals, clinics, diagnostic laboratories, 

telemedicine platforms, cloud-based electronic health 

records, and Internet of Medical Things (IoMT) 

devices are increasingly exposed to attacks that 

threaten the confidentiality, integrity, and availability 

of sensitive medical information. Consequently, 

understanding the characteristics of these attacks and 

the corresponding mitigation strategies has become 

essential for designing secure healthcare 

environments. The blockchain- and algorithm-based 

systems reviewed in this study primarily focus on 

preventing unauthorized access, preserving data 

integrity, ensuring secure communication, and 

maintaining uninterrupted healthcare services. Their 

effectiveness depends not only on strong 

cryptographic mechanisms but also on intelligent 

detection algorithms, decentralized architectures, and 

adaptive security protocols capable of responding to 

evolving cyber threats. Before discussing the principal 

attack categories, it is important to consider systems 

that were not explicitly evaluated against specific 

attack scenarios but nevertheless demonstrated 

significant improvements in healthcare cybersecurity 

performance. The Elliptic Curve Cryptography-based 

Energy Efficient Routing Protocol (ECC-EERP) 

represents one such example. Although its evaluation 

emphasized system efficiency rather than resistance to 

individual cyberattacks, experimental results 

demonstrated remarkable improvements in encryption 

efficiency, achieving approximately 99% encryption 

accuracy while simultaneously reducing 

computational complexity, communication overhead, 

and energy consumption. The protocol also extended 

network lifetime and improved processing speed 

compared with existing healthcare communication 

frameworks. These findings suggest that efficient 

cryptographic architectures contribute substantially to 

healthcare cybersecurity by reducing system 

vulnerabilities while preserving operational 

performance, even when explicit attack simulations 

are not conducted [13]. 

Similarly, the Encryption Framework for 

Secure Telehealth and Electronic Health Records 

emphasized functional validation and system 

performance rather than comprehensive cybersecurity 

stress testing. Although the framework was not 

specifically evaluated against advanced threats such as 

distributed denial-of-service attacks or man-in-the-

middle attacks, its successful functional and 

performance testing demonstrated reliable encryption 

capabilities, secure data transmission, and efficient 

healthcare information management. These 

characteristics justify its inclusion among modern 

healthcare security solutions because practical system 

reliability remains an essential component of 

cybersecurity preparedness [33]. Among the most 

significant cybersecurity threats affecting healthcare 

information systems is the man-in-the-middle attack. 

In this attack, a malicious actor secretly intercepts 

communication between two legitimate parties while 

maintaining the illusion that communication remains 

secure. During interception, attackers may monitor 

confidential information, alter transmitted data, inject 

malicious content, or manipulate clinical 

communications without detection. Within healthcare 

environments, such attacks may compromise 

electronic health records, laboratory results, diagnostic 

images, prescription information, or physician 

communications, potentially leading to incorrect 

clinical decisions and compromised patient safety. 

Modern blockchain-based healthcare systems mitigate 

these attacks through advanced cryptographic 

authentication protocols, secure key agreement 

mechanisms, digital signatures, and decentralized 

verification processes. Formal verification tools such 

as the Automated Validation of Internet Security 

Protocols and Applications (AVISPA) have 

demonstrated the effectiveness of these authentication 

mechanisms in preventing unauthorized 

communication interception and ensuring secure 

healthcare data exchange [26]. Denial-of-service 

(DoS) attacks represent another critical cybersecurity 

challenge. In these attacks, malicious users 

deliberately overwhelm healthcare servers or 

communication infrastructures by transmitting 

excessive numbers of fraudulent service requests. As 

computational resources become exhausted, legitimate 

users experience severe delays or complete inability to 

access essential healthcare services. The consequences 

of DoS attacks within hospitals may include 

interruption of emergency care, delayed diagnostic 

procedures, disruption of telemedicine consultations, 

and temporary unavailability of electronic health 

records. Decentralized blockchain architectures 

reduce vulnerability to DoS attacks by distributing 

computational resources across multiple nodes rather 

than relying on centralized servers, thereby 

eliminating single points of failure and improving 

system resilience [31]. 

Distributed denial-of-service (DDoS) attacks 

represent an even greater threat because they originate 

simultaneously from numerous compromised devices 

forming coordinated botnets. Unlike conventional 

DoS attacks, DDoS attacks generate substantially 

greater traffic volumes that may incapacitate entire 

healthcare networks for prolonged periods. Such 

attacks may interrupt critical hospital operations, 

prevent access to patient information, delay life-saving 

treatments, and compromise organizational continuity. 
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Contemporary healthcare security systems 

increasingly employ artificial intelligence, anomaly 

detection algorithms, traffic filtering mechanisms, 

blockchain-based decentralized architectures, and 

intelligent intrusion prevention systems to detect 

abnormal network behavior and mitigate DDoS 

attacks before significant operational disruption 

occurs [39]. Wireless healthcare networks and Internet 

of Medical Things environments are additionally 

susceptible to routing attacks that compromise secure 

communication. One such attack is the Blackhole 

attack, in which a malicious network node falsely 

advertises itself as the optimal routing destination 

before discarding intercepted data packets instead of 

forwarding them to their intended recipients. This 

attack effectively disrupts communication while 

preventing critical medical information from reaching 

healthcare providers. Blockchain-supported routing 

protocols, distributed trust management systems, and 

intelligent node authentication algorithms 

significantly reduce susceptibility to Blackhole attacks 

by continuously validating routing behavior and 

identifying malicious network participants [29]. 

Selective forwarding attacks similarly target 

communication reliability by intentionally discarding 

selected data packets while allowing other 

transmissions to proceed normally. This selective 

disruption makes detection considerably more difficult 

than complete communication failure. In healthcare 

applications, attackers may specifically target highly 

sensitive clinical information, thereby delaying or 

preventing delivery of critical patient data. Blockchain 

consensus mechanisms and distributed 

communication verification improve resistance to 

selective forwarding by maintaining immutable 

transaction records and validating successful data 

transmission across multiple network nodes [29]. 

Another significant routing attack is the Sybil 

attack, during which a malicious device assumes 

multiple false identities within a communication 

network. By creating numerous fabricated identities, 

attackers manipulate network operations, compromise 

consensus mechanisms, and gain unauthorized 

influence over distributed decision-making processes. 

Healthcare blockchain systems mitigate Sybil attacks 

through robust identity verification, public-key 

cryptography, digital certificates, consensus 

algorithms, and decentralized authentication protocols 

that ensure each network participant possesses a 

unique and verifiable digital identity [29]. Hello Flood 

attacks represent another threat commonly 

encountered within wireless sensor networks 

supporting healthcare applications. During these 

attacks, malicious devices repeatedly transmit 

fraudulent Hello messages to neighboring nodes, 

misleading them into establishing inefficient or invalid 

communication pathways. The resulting 

communication disruption increases network 

congestion, wastes computational resources, and 

reduces overall system reliability. Advanced 

blockchain routing protocols and intelligent neighbor 

authentication mechanisms reduce the effectiveness of 

Hello Flood attacks by validating node legitimacy 

before establishing communication channels [29]. 

Privacy leakage remains one of the most critical 

concerns within healthcare cybersecurity because 

unauthorized disclosure of patient information may 

produce severe ethical, legal, financial, and clinical 

consequences. Privacy violations may occur through 

inadequate encryption, insecure communication 

channels, improper access control, insider misuse, or 

external cyberattacks. Blockchain technology 

significantly strengthens privacy protection through 

decentralized storage, cryptographic encryption, 

permission-based access control, pseudonymization, 

and immutable transaction records that prevent 

unauthorized disclosure of sensitive healthcare 

information [15]. 

Data tampering constitutes another major 

cybersecurity threat involving unauthorized 

modification of healthcare records. Attackers may 

alter laboratory results, diagnostic reports, medication 

histories, imaging studies, or treatment plans, 

potentially leading to incorrect diagnoses and harmful 

clinical decisions. Blockchain technology effectively 

mitigates data tampering because each transaction is 

permanently linked through cryptographic hash 

functions. Any unauthorized modification 

immediately alters the cryptographic signature of 

subsequent blocks, making manipulation readily 

detectable while preserving complete auditability 

throughout the healthcare information lifecycle 

[15,26]. Forgery attacks involve the creation of 

counterfeit healthcare information, including 

fabricated medical records, fraudulent prescriptions, 

falsified laboratory reports, or unauthorized financial 

transactions. Such attacks undermine healthcare 

integrity, facilitate insurance fraud, and compromise 

patient safety. Elliptic Curve Cryptography, 

blockchain verification, mobile agents, and digital 

signature algorithms provide strong protection against 

forgery by ensuring that every healthcare transaction 

originates from authenticated users and remains 

cryptographically verifiable throughout its lifecycle 

[15,26]. Traditional centralized healthcare information 

systems are additionally vulnerable to single points of 

failure, whereby failure or compromise of one central 

server disrupts the entire healthcare infrastructure. 

Hardware failures, cyberattacks, software corruption, 

or natural disasters affecting centralized systems may 

render critical healthcare services unavailable. 

Blockchain addresses this limitation through 

decentralized data storage across multiple 

interconnected nodes, ensuring continuous availability 

even when individual nodes become compromised or 

unavailable [15]. Privacy violation attacks specifically 

target confidential healthcare information through 

unauthorized access, disclosure, or surveillance. 

Anonymous authentication protocols, decentralized 

identity management, cryptographic authentication, 



Artificial Intelligence-Driven Algorithmic Frameworks for Health Security Management and Hospital..... 
_____________________________________________________________________________________________________________ 

 

________________________________________________ 

Saudi J. Med. Pub. Health Vol. 2 No. 2 (2025) 

 

3782 

and blockchain-based access control substantially 

reduce these risks by allowing healthcare 

professionals to verify identities without exposing 

unnecessary personal information. These mechanisms 

simultaneously strengthen patient privacy while 

maintaining secure clinical communication [26]. 

Healthcare data breaches remain among the 

most damaging cybersecurity incidents because they 

expose highly sensitive medical and financial 

information to unauthorized individuals. Attackers 

frequently exploit phishing campaigns, credential 

theft, software vulnerabilities, insider threats, and 

malware infections to gain unauthorized access to 

healthcare databases. Data breaches may result in 

identity theft, financial fraud, legal penalties, 

reputational damage, and diminished public trust. 

Comprehensive healthcare security frameworks 

therefore integrate encryption, multi-factor 

authentication, continuous monitoring, behavioral 

analytics, access logging, blockchain verification, and 

artificial intelligence to minimize breach risk while 

facilitating rapid detection and incident response [34]. 

Ransomware has emerged as one of the most 

disruptive cyber threats confronting healthcare 

organizations. This malicious software encrypts 

critical healthcare databases, rendering patient records 

inaccessible until financial demands are satisfied. 

Because hospitals depend heavily on uninterrupted 

access to electronic health records and diagnostic 

systems, ransomware attacks may delay emergency 

care, postpone surgeries, interrupt laboratory services, 

and jeopardize patient safety. Modern mitigation 

strategies include continuous data backup, blockchain-

secured storage, endpoint detection systems, artificial 

intelligence-based malware detection, network 

segmentation, zero-trust security architectures, 

employee cybersecurity education, and rapid incident 

response planning. Collectively, these measures 

significantly reduce the likelihood and impact of 

ransomware attacks while strengthening 

organizational resilience [40]. Although additional 

cybersecurity threats exist, including malware 

variants, stolen devices, offline password attacks, 

communication protocol vulnerabilities, anonymity 

attacks, and untraceability exploits, many share 

common characteristics with the principal attack 

categories discussed above. Consequently, future 

healthcare cybersecurity research should prioritize 

comprehensive evaluation of security systems against 

these major attack classes while simultaneously 

developing adaptive protection mechanisms capable 

of responding to continuously evolving cyber threats. 

Equally important is the continuous testing, validation, 

and refinement of hospital information systems under 

changing operational conditions. Regular security 

assessments, penetration testing, vulnerability 

analysis, algorithm updates, and performance 

optimization are essential to maintaining resilient 

healthcare infrastructures capable of protecting 

sensitive patient information while ensuring 

uninterrupted, safe, and reliable healthcare delivery. 

Conclusion: 

The increasing digitalization of healthcare 

has transformed clinical practice while simultaneously 

introducing complex cybersecurity challenges that 

threaten healthcare organizations worldwide. 

Protecting sensitive patient information now requires 

security solutions that extend beyond traditional 

centralized approaches. The reviewed evidence 

demonstrates that blockchain technology, combined 

with artificial intelligence, advanced cryptographic 

algorithms, smart contracts, and intelligent intrusion 

detection systems, provides a secure and transparent 

framework for safeguarding healthcare information 

throughout its lifecycle. These technologies strengthen 

data integrity, authentication, privacy protection, 

access control, and secure communication while 

improving resilience against cyber threats such as 

ransomware, denial-of-service attacks, unauthorized 

access, data tampering, and communication 

interception. Nevertheless, important challenges 

remain, including blockchain scalability, 

computational complexity, interoperability, latency, 

and implementation costs. Addressing these 

limitations through algorithm optimization, federated 

artificial intelligence, user-centered system design, 

and standardized healthcare security frameworks will 

be critical for future development. Continued 

collaboration among healthcare professionals, 

cybersecurity experts, policymakers, and informatics 

specialists is essential to establish resilient health 

security systems capable of ensuring patient safety, 

maintaining public trust, supporting regulatory 

compliance, and enabling secure digital healthcare 

services in increasingly interconnected healthcare 

environments. 
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