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Abstract: The increasing adoption of connected healthcare technologies has transformed the traditional healthcare landscape, 

offering improved healthcare delivery. The combination of medical devices, sensors, and electronic health records has enabled 

real-time monitoring, remote care, and data-driven decision-making. However, the connectivity of medical devices to hospital 

network also introduces a vast array of challenges which include security challenges, scalability issues, and storage and 

interoperability issues. These challenges can compromise patient data, disrupt clinical workflows, and hinder the effective 

delivery of healthcare services. This article gives a detailed survey of the challenges and solutions in connected healthcare, with 

a focus on the technical and practical considerations of integrating medical devices into hospital networks. We explore the 

current state of connected healthcare, identify key challenges and limitations. Our analysis covers various aspects of connected 

healthcare, including device security, data privacy, network infrastructure, and standards for interoperability. Our paper also 

provides a comprehensive examination of the detailed architecture of connected healthcare system, encompassing different 

layers to facilitate a deeper understanding of connected healthcare system working. Finally, we explored the key research 

directions to handle the increasing challenges in connected healthcare system. 
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I. INTRODUCTION 

The increasing use of medical devices connected to the hospital network has revolutionized healthcare, enabling real-time 

monitoring, efficient data exchange, and improved patient care. This connectivity has brought about a significant transformation in 

the traditional healthcare system, enabling healthcare providers to access patient data remotely, track medical device performance, 

and receive alerts for potential issues [1]. The global market for connected medical devices is growing rapidly, projected to reach 

$94.2 billion by 2025, with the United States being a significant contributor to this growth [2].The growth of connected medical 

devices, such as bedside monitors, ventilators, and infusion pumps, has enabled healthcare providers to leverage advanced 

technologies like Internet of Things (IoT), Artificial Intelligence (AI), and Machine Learning (ML) to improve patient outcomes 

with advanced data analytics and decision making. The adoption of connected medical devices has been driven by the need for 

improved patient care, reduced costs, and enhanced operational efficiency. For instance, connected patient monitors enable 

continuous vital sign monitoring, reducing the risk of adverse events. Moreover, connected medical devices have enabled remote 

patient monitoring, reducing hospital readmissions and saving hospitals significant cost [3]. During the COVID-19 pandemic, 

connected medical devices played a crucial role in enabling remote patient monitoring, reducing the burden on healthcare systems, 

and improving patient outcomes. For instance, connected ventilators and patient monitors enabled healthcare professionals to 

remotely monitor patients' vital signs, while telemedicine platforms enabled virtual consultations, reducing the risk of transmission 

and improving patient engagement. The increased connectivity has not only improved patient care but also generated significant 

revenue for healthcare providers, with the global telemedicine market alone projected to reach $286.22 billion by 2030 [4].  

Despite the wide range of advantages offered by connected medical devices, their integration to the hospital network also introduces 

a complex array of technical, clinical, and operational challenges. One of the primary concerns is ensuring the security and integrity 

of patient data, as connected devices increase the risk of cyber-attacks and data breaches. Moreover, the integration of medical 

devices with electronic health records (EHRs) and other hospital systems poses technical challenges, such as ensuring compatibility 

and interoperability. This can lead to issues with data fragmentation, information blocking, and system crashes, which can have 

serious consequences for patient care. Additionally, connected medical devices produce enormous volumes of data, which can be 

overwhelming for healthcare professionals to manage. This leads to challenges in data analytics and interpretation, as well as issues 

with data quality, accuracy, and completeness. The huge quantity of data produced by connected devices can also lead to data 

overload, making it challenging for healthcare personnels to identify and respond to critical patient data in a timely manner.  
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Furthermore, the lack of standardization and interoperability between systems and devices causes problems with device integration, 

data sharing, and collaboration among healthcare teams. Overcoming these obstacles is essential to utilize the capabilities of 

connected medical devices and ensuring their safe and effective use in healthcare settings [5-8]. 

This paper seeks to comprehensively address the challenges posed by connected health devices, examining the potential impacts of 

these challenges and possible solutions to overcome them. The main contributions of our work are: 

1) A detailed architectural overview of connected healthcare system, including their components and operational dynamics, is 

presented. 

2) A thorough analysis of the vulnerabilities that render connected healthcare susceptible to security threats, scalability issues, 

storage limitations, and interoperability problems is conducted. 

3) A comprehensive examination of the security challenges that arise when health devices are integrated into hospital networks, as 

well as an in-depth exploration of the issues that lead to scalability, storage, and interoperability problems, is provided. 

4) A review of cutting-edge techniques and solutions aimed at addressing security, storage, scalability, and interoperability 

concerns in connected healthcare is presented. 

5) Finally, this paper identifies and outlines several future research challenges, providing a roadmap for future researchers working 

in this rapidly evolving field. 

The rest of the paper is structured as follows: In Section II, we provide a detailed insight into the architecture of the connected 

healthcare system. In Section III, we discuss the challenges faced by healthcare devices connected to the hospital network. In 

Section IV, we discuss the existing solutions used to address these challenges. Finally, in Section V, we explore possible future 

research challenges and conclude the paper. 

 

II. CONNECTED HEALTHCARE SYSTEM 

The concept of connected healthcare systems, which integrates various medical devices, such as patient monitoring systems, 

medical imaging devices, and wearable sensors, into the hospital network, has its roots in the early 2000s. This was when the 

healthcare industry began exploring ways to leverage technology, including EHRs telemedicine platforms, and health information 

exchanges (HIEs), to improve patient care and outcomes. Initially, this involved the adoption of HL7 (Health Level Seven) 

standards for data exchange, and later, the use of Fast Healthcare Interoperability Resources (FHIR) enabled more seamless data 

sharing between healthcare providers [9-13]. Over the years, the rapid growth of smartphones, wearables, and other digital devices 

has led to an explosion of health-related data, creating new opportunities for data-driven care, personalized medicine, and precision 

health [14-15]. The rise of cloud computing, artificial intelligence (AI), machine learning (ML), and the Internet of Things (IoT) 

further enabled the integration of healthcare devices, systems, and services, giving rise to the modern connected healthcare system. 

Today, this system encompasses a vast network of interconnected devices, platforms, and stakeholders, working together to deliver 

more efficient, effective, and patient-centred care, leveraging technologies like edge computing, 5G networks, and block chain for 

secure and reliable data management [16-18]. 

 

A. Architecture of Connected Healthcare System 

The Architecture of connected healthcare system is a multi-layered framework that enables the integration of various medical 

devices, systems, and services to facilitate data exchange, analysis, and decision-making across the healthcare ecosystem. 

The device layer consists of various medical devices, sensors, and mobile devices that generate health-related data. This layer 

includes patient monitoring systems such as electrocardiogram (ECG) machines, blood pressure monitors, and pulse oximeters, 

which collect vital health data. Medical imaging devices like X-ray machines, computed tomography (CT) scanners, and magnetic 

resonance imaging (MRI) machines generate medical images. Sensors like temperature sensors, glucose sensors, and motion sensors 

collect additional health-related data. Mobile devices like smartphones and tablets, equipped with mobile apps, also collect data 

from patients. This layer is responsible for collecting, processing, and transmitting health-related data from patients to the Edge 

Layer for further analysis and processing. The devices in this layer use various communication protocols like Bluetooth, Wi-Fi, and 

cellular networks to transmit data, and utilize standards like HL7, FHIR, for data formatting and exchange [19-21]. 

When the transmitted medical data is received at the edge Layer, the edge layer processes and analyzes the data in real-time using 

gateways and edge servers. The gateways perform initial data processing, filtering, and aggregation, reducing the volume of 

information sent to the cloud or data center. Edge servers, built with edge computing frameworks like Azure Edge, AWS Edge, or 

Google Cloud Edge, enable faster processing, reduced latency, and improved real-time decision-making.  
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Furthermore, edge devices also perform basic analytics, such as trending and alerting, using machine learning algorithms to support 

timely interventions [22-24].  

The important component of this architecture is the cloud layer which stores, processes, and analyzes data using cloud storage, 

computing, and services such as AI and ML. This layer provides scalable storage, computing resources, and advanced analytics 

capabilities, enabling the processing of large datasets and complex algorithms. Cloud-based services, such as AI and ML, support 

predictive analytics, pattern recognition, and personalized medicine [25-27]. 

 
Figure 1 Connected healthcare System Architecture 

 

The network layer is strong pillar of a connected healthcare system, providing seamless connectivity and data exchange between 

healthcare devices, systems, and services. It enables local and wide area networks, as well as internet connectivity, to facilitate 

communication and collaboration across different healthcare entities. By employing standardized network protocols like TCP/IP and 

HTTPS, the network layer ensures data integrity, confidentiality, and reliability during transmission. By supporting secure and 

reliable communication, this layers aims to play a vital role in delivering high-quality patient care, facilitating remote consultations, 

and enabling timely access to medical records and resources [28-31]. 
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The connected healthcare system topmost layer is the application layer which provides a range of applications and services that 

support clinical decision-making, remote consultations, data analysis, and patient empowerment. This layer is utilized by various 

stakeholders, including healthcare professionals, patients, researchers, and healthcare organizations, to access data, conduct remote 

consultations, and make informed decisions. This layer consists of EHRs, telemedicine platforms, healthcare analytics tools, and 

patient engagement apps, which enable healthcare professionals to access patient data, conduct virtual consultations, and analyze 

data to inform treatment decisions. Patients can also use patient engagement apps to manage their health, access medical records, 

and communicate with healthcare providers [32-35].  

The security layer is a critical component of connected healthcare, ensuring the confidentiality, integrity, and availability of patient 

data and medical information. To achieve this, the security layer employs robust security measures to protect against cyber threats, 

data breaches, and unauthorized access. These technical security measures include authentication protocols which verify user 

identities, as well as authorization techniques, like access control, which control access to sensitive data and systems. Furthermore, 

encryption protocols, like advanced encryption standard (AES) and Rivest-Shamir-Adleman (RSA), safeguard data both in transit 

and at rest. Additionally, firewalls, intrusion detection and prevention systems, and secure token services work together to restrict 

access to sensitive data and systems. Moreover, public key infrastructure and security information and event management systems 

manage digital certificates and monitor security-related data, ensuring the integrity of the security layer. All these measures work in 

concert to safeguard patient data and medical information, protecting against cyber threats and ensuring regulatory compliance [36-

39] 

The interoperability layer enables standards-based data exchange, application programming interfaces (APIs), and data 

transformation, facilitating the seamless sharing of data between different systems, services, and devices. This layer is crucial for 

supporting collaboration and coordinated care, as it enables healthcare providers, payers, and patients to access and share relevant 

information across organizational boundaries. Interoperability standards, such as HL7 and FHIR used here ensure seamless data 

exchange and integration, allowing healthcare organizations to share clinical data, claims data, and other relevant information. This 

layer data transformation capabilities ensure that data is converted into the required format, enabling seamless integration with 

various systems and applications. Through employment of these features, this layer plays a critical role in improving patient care 

while reducing the cost [40-42]. 

The final component of the connected healthcare system, is the analytics layer which performs data warehousing, mining, machine 

learning, predictive analytics, and business intelligence to support informed decision-making. This layer provides insights into 

patient outcomes, population health, and operational efficiency, enabling healthcare organizations to optimize resources, improve 

quality of care, and reduce cost. The layer utilizes cutting-edge technologies like Apache Hadoop, Amazon Redshift, SAS, R, 

Tableau, Power BI, TensorFlow, PyTorch, and natural language processing (NLP) to analyse structured and unstructured data, 

including data from wearable’s, sensors, and other medical devices. By integrating these advanced analytics and AI capabilities, 

healthcare organizations drive innovation in healthcare delivery, and improve patient care [43-45]. 

 

III. CHALLENGES WITH MEDICAL DEVICES CONNECTED TO HOSPITAL NETWORK 

The interaction of medical devices onto hospital network has induced a complex array of technical challenges, undermining the 

fundamental infrastructure of connected healthcare ecosystem. Specifically, the transmission of sensitive data over open 

communication channels has introduced vulnerabilities to cyber threats, necessitating robust security countermeasures [46]. 

Additionally, the integration of heterogeneous devices and systems has yielded interoperability complexities, while the exponential 

growth of connected devices has raised scalability concerns. Furthermore, the huge amount of generated data has created storage 

and management challenges, necessitating the need for data governance and analytics solutions [46]. In this section, we will explore 

in details the challenges faced by medical devices when connected with hospital network and what solution exists to overcome them. 

 

A. Security Challenges  

Security is a major concern in connected healthcare systems, as the sensitivity and critical nature of patient data make it an attractive 

target for cybercriminals. The open nature of communication between medical devices connected to hospital networks exposes them 

to various types of security attacks, potentially compromising patient care and endangering lives. For instance, an attacker can 

eavesdrop on communication, modify essential EHRs, and transmit altered information to hospital servers. Unaware of the 

modification, doctors may prescribe medication based on inaccurate data, putting patients at risk and compromising the 

effectiveness of the entire system. 
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The growth of advanced and smart medical devices connected to hospital networks has introduced a complex array of security 

challenges as shown in Figure 2, including: 

1) Authentication: Verifying the identity of a user, device, or system to ensure they are who they claim to be [47]. 

2) Integrity: Preventing unauthorized modification or alteration of data [48]. 

3) Confidentiality: Ensuring that information is only shared with those who have a legitimate need to know, and that it is not 

accessed, read, or exploited by unauthorized individuals or systems [47].  

4) User Privacy: Protection of personal information and data that identifies or relates to an individual user [48]. 

5) Availability: It refers to the assurance that a system, network, or data is accessible and usable when needed, without interruption 

or downtime [48]. 

6) Forward Secrecy: Ensuring that encrypted data remains protected even if encryption keys are compromised [47]. 

7) Advanced Attacks: Protecting against sophisticated threats such as: 

a) Replay attacks: Intercepting and retransmitting data to manipulate systems [47]. 

b) Denial of Service (DoS) attacks: Overwhelming systems with traffic, rendering them unavailable [47]. 

c) Insider threats: Authorized personnel intentionally or unintentionally compromising security [47]. 

d) Modification attacks: Altering data or software to compromise system integrity [48]. 

e) Eavesdropping attacks: Intercepting sensitive data in transit [48]. 

f) Man-in-the-middle attacks: Intercepting and altering communication between devices and systems [48]. 

 

 
Figure 2 Security Challenges faced by medical devices connected to Healthcare Systems 

 

Addressing these security challenges is crucial to ensuring the trustworthiness, reliability, and effectiveness of connected healthcare 

systems. Over the years, researchers have done considerable work to provide security for health systems in which medical devices 

are connected to hospital network.  
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Das et al., [49] designed mutual authentication mechanism for healthcare systems, utilizing lightweight cryptographic primitives 

such as XOR, concatenation, and hash operations. Their work enables secure sessions between authorized devices and gateways, 

preventing unauthorized access and ensuring device anonymity and un-traceability. Verma et al., [50] proposed an authentication 

and data aggregation mechanism for the Intelligent Healthcare System to address privacy, security, and data protection challenges. 

This protocol leverages Identity based cryptography and ensures robustness without pairing, offering provable security in the form 

of mutual authentication, privacy preservation and integrity. The author of [51] proposed a mechanism to secure the sensitive 

medical data stored in the cloud by leveraging advanced encryption techniques. They utilize an upgraded Advanced Encryption 

Standard (AES) for secure data storage and retrieval, and improved Elliptic Curve Cryptography (ECC) for key generation and 

validation. Their work successfully achieves integrity, confidentiality along with other security attributes. Alam et al., [52] proposed 

a protocol to enhance the security and efficiency of the Internet of Medical Things (IoMT) used for remote patient care during 

COVID-19. This protocol addresses issues of unauthorized access, ensuring both authentication and confidentiality while 

considering the constraints of IoMT devices, such as low energy and memory. The proposed solution is designed to protect patient 

information and improve healthcare delivery during pandemics. In [53] a key management mechanism was proposed for IoT-based 

healthcare, focusing on secure communication. Utilizing one-way accumulation and elliptic curve cryptography, the scheme ensures 

forward and backward secrecy by refreshing group keys as nodes join or leave. Their work effectively provide confidentiality, 

integrity and resistance against eavesdropping attack. Abutaleb et al., [54] put forward a blockchain-based framework for managing 

patient health records, ensuring that patients control access to their data. Utilizing hyper ledger Fabric and usage control (UCON), 

this system records all activities on an immutable ledger to enhance privacy and security. A new framework was proposed in [55] to 

enhance data encryption and authentication in internet of medical things. This technique combines optimal multi key homomorphic 

encryption and the improved social spider optimization algorithm for optimal key generation, aiming to ensure mutual 

authentication and reduce computational complexity while also offering confidentiality and resistance to eavesdropping and 

modification attacks. The authors of [56] proposed a security mechanism for smart health environments, aimed at remote monitoring 

scenarios. This technique employs multiple factors and a streamlined algorithm to address security vulnerabilities like 

impersonation attacks, replay attack and DoS attack and man in the middle attack. This approach not only improves operational 

efficiency but also ensures ease of use for healthcare professionals and patients, making it suitable for protecting patient privacy in 

the IoMT. In [57], an approach was designed to enhance the security of sensitive medical data within the IoMT ecosystem by using 

blockchain technology and smart contracts. This approach aims to create a decentralized, tamper-resistant platform that ensures data 

integrity, confidentiality, and controlled access. By integrating blockchain into IoMT, the proposed system address vulnerabilities 

and protect against data privacy breaches and cyber security threats. The authors of [58] designed a data aggregation scheme for the 

IoMT that ensures the anonymity of patients and fog nodes. This system uses authenticated servers for node registration and 

authentication, employing novel data aggregation and extraction algorithms. Their work offers security features in the form of user 

anonymity, insider attack resistance, replay attack resistance and man in the middle attack resistance. 

These existing solutions demonstrates that addressing the security challenges in connected healthcare systems is crucial for 

protecting patient data and ensuring reliable healthcare delivery. The proposed solutions demonstrate significant advancements in 

providing authentication, encryption, and data management, along with resistance against known attacks while enhancing the 

security and privacy of medical information. Despite these existing solution, there is still room from improvement to provide robust 

and effective security with effective performance. 

 

Table I Existing security solutions for connected healthcare 

Security Challenge Solution Proposed 

Work 

Features Healthcare Domain 

Authentication Verifying user, device, 

or system identity 

[49] Mutual authentication, device 

anonymity, un-traceability 

Connected Healthcare 

and Telemedicine 

[50] Authentication, data aggregation, 

privacy preservation, integrity 

Personalized 

Medicine 

[56] Multi-factor authentication, 

streamlined algorithm, security for 

remote monitoring 

Remote Patient 

Monitoring 

Application System 
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Integrity Preventing 

unauthorized data 

modification 

 [51] Advanced encryption (AES, ECC), 

secure data storage and retrieval 

Medical Devices  

[53] Key management, forward and 

backward secrecy, secure 

communication 

Telemedicine Systems 

Confidentiality Ensuring data privacy 

and access control 

[50] Authentication, data aggregation, 

privacy preservation, integrity 

Personalized 

Medicine 

[52] Authentication, confidentiality, 

efficiency, remote patient care 

Remote Patient 

Monitoring 

User Privacy Protecting personal 

information 

 [50] Authentication, data aggregation, 

privacy preservation, integrity 

Personalized 

Medicine 

[54] Blockchain-based framework, patient-

controlled access, immutable ledger 

Electronic Health 

Records (EHRs) 

Availability Ensuring system and 

data accessibility 

[52] Authentication, confidentiality, 

efficiency, remote patient care 

Remote Patient 

Monitoring 

Forward Secrecy Protecting encrypted 

data from 

compromised keys 

[53] Key management, forward and 

backward secrecy, secure 

communication 

Telemedicine System 

Advanced Attacks Protecting against 

replay, DoS, insider, 

modification, 

eavesdropping, and 

man-in-the-middle 

attacks 

 [55] Multi-key homomorphic encryption, 

optimal key generation, 

authentication 

Healthcare Systems 

for Personalized 

Medicine 

[56] Multi-factor authentication, 

streamlined algorithm, security for 

remote monitoring 

Smart Healthcare 

System 

[57] Decentralized blockchain technology 

and smart contracts.  

Internet of Medical 

Things 

[58] Data aggregation with privacy 

preservation 

Internet of healthcare 

Things 

 

B. Interoperability Challenges 

Interoperability in connected healthcare is the ability of different systems, medical and health devices, and applications to 

communicate and exchange data seamlessly, enabling the sharing and use of information across different platforms and stakeholders. 

This is crucial for ensuring that patient data is accessible, shareable, and usable across different healthcare providers, payers, and 

patients themselves. Interoperability is necessary in connected healthcare to improve patient care, enhance efficiency, enable better 

decision-making, and empower patients [59-60]. However, achieving interoperability is fraught with challenges, including technical, 

semantic, organizational, security, privacy, scalability, legacy system, and regulatory barriers. Interoperability challenges in 

connected healthcare are multi face and complex and achieving Interoperability in connected healthcare systems is a difficult task to 

wide number of challenges.  For instance technical challenges arise from different systems, devices, and applications using varying 

technical standards, protocols, and architectures, making integration and communication difficult. Semantic challenges occur when 

different systems and stakeholders interpret data differently, leading to inconsistencies and errors. Organizational challenges stem 

from different stakeholders having varying interests, priorities, and workflows, making collaboration and integration challenging. 

Security and privacy challenges require ensuring the security and privacy of patient data while facilitating interoperability. 

Scalability challenges require connected healthcare systems to accommodate the increasing amount of data and devices. Legacy 

system challenges involve integrating new systems with existing legacy systems, requiring significant resources and investment. 

Finally, regulatory challenges arise from regulatory requirements and laws, such as HIPAA, which can create barriers to 

interoperability [61-64].  Achieving interoperability in connected healthcare requires a unified approach to standards, protocols, and 

architectures. By bridging the gaps between systems, devices, and stakeholders, a seamless healthcare ecosystem is more than 

feasible. Researchers have performed numerous studies over the years and various solutions have been proposed to overcomes the 

barriers and achieve interoperability.  
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Guo et al., [65] suggested a novel information architecture to enhance semantic interoperability in healthcare systems, tackling the 

issue of ambiguous data interpretation across different platforms. By introducing an ostensive approach, they offer a complementary 

solution to existing lexical methods, showcasing its effectiveness through experiments with MIMIC III and diabetes datasets. This 

innovative Semantic Engine, built on an FHIR knowledge graph, facilitates semantic reasoning and patient-centric care. The authors 

of [66] proposes a decentralized access control model for secure interoperability in healthcare, enabling the safe exchange of data 

between organizations like hospitals, insurance companies, and pharmacies. This model utilizes ethereum blockchain technology to 

maintain a tamper-proof record of transactions and ensure authorized access to healthcare data. By implementing this model, 

healthcare organizations can collaborate and share data while maintaining security, transparency, and patient trust. The use of 

blockchain has been a driving factor for achieving interoperability. Jabbar et al., [67] introduced a blockchain-based framework for 

enhancing data interoperability and integrity in EHR sharing. Their work features an access management system for secure EHR 

exchange between medical providers and a decentralized Trusted Third Party Auditor (TTPA) ensuring data integrity. Pathak et al., 

[68] introduced scheme to achieve seamless device interoperability in IoT-based in-home healthcare monitoring systems, dubbed 

healthcare device interoperability. This system facilitates wireless connectivity among sensors, adapts to diverse sensor settings, and 

eliminates port dependencies, making it an ideal solution for scalable, portable, and user-friendly in-home health monitoring. In [69] 

a framework to address healthcare challenges by enhancing data interoperability among heterogeneous e-health system is proposed. 

Leveraging service-oriented architecture and web service technology, this approach enables seamless information exchange and 

integration. The resulting framework, guided by service-oriented analysis and design and supported by an interoperability matrix, 

serve as a reference for developing e-health systems in various healthcare applications. [70] proposed a framework for wearable 

healthcare devices, enabling seamless monitoring, decision-making, and control of sensor functionalities. Their framework adapts to 

the dynamic nature of various healthcare applications, optimizing device performance and interoperability. By accounting for device 

features and patient conditions, their approach facilitates autonomous and interconnected device operation, with adjustable 

frequency and time intervals for efficient tracking and improved healthcare outcomes.  

Despite all these efforts by researchers, the majority of healthcare data exchange is limited to syntactic interoperability, where data 

is exchanged in a standardized format, but the meaning and context of the data are not fully understood. To achieve true semantic 

interoperability, where data is not only exchanged but also accurately interpreted and utilized, additional work is required to address 

the complexities of data context, terminology, and logic. Furthermore, the development of advanced data analytics and artificial 

intelligence capabilities, as well as the integration of IoT devices and wearables, will require continued evolution and refinement of 

interoperability standards to ensure seamless data exchange and optimal patient care. 

Table II Interoperability Challenges in Connected Healthcare 

Challenge Description Impact on Connected Healthcare 

Data Standards Lack of common data standards and 

formats 

Delays in remote patient monitoring, inaccurate 

telemedicine diagnoses 

Semantic Interoperability Difficulty in achieving shared 

understanding of data meaning and 

context 

Ineffective personalized medicine, poor 

population health management 

Security and Privacy Ensuring secure data exchange and 

protecting patient privacy 

Cyberattacks on connected healthcare platforms, 

compromised patient data 

Device and System 

Integration 

Integrating diverse devices, systems, 

and applications 

Incompatible wearables and mobile apps, 

disrupted continuous care 

Scalability and Flexibility Accommodating growing data 

volumes and evolving healthcare needs 

Overwhelmed connected healthcare 

infrastructure, inability to handle surge in remote 

consultations 

Data Quality and Validation Ensuring accuracy, completeness, 

and reliability of exchanged data 

Inaccurate remote patient monitoring data, poor 

clinical decision-making 

Regulatory and Standards 

Compliance 

Meeting diverse regulatory and 

standards requirements 

Non-compliance with HIPAA, GDPR, and other 

regulations, legal issues 

Sustainability and 

Maintenance 

Ensuring long-term sustainability 

and maintenance of interoperability 

solutions 

Discontinued support for connected healthcare 

platforms, data exchange disruptions 
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1) Level-1 Interoperability Standards 

In the connected healthcare domain, interoperability standards facilitate the syntactic and semantic matching of data, enabling the 

effective communication and exchange of clinical and administrative information between heterogeneous systems. Globally, a range 

of interoperability standards have been developed and implemented to address the complexities of healthcare data exchange, 

including:  

 Health Level Seven (HL7): A set of international standards for exchanging clinical and administrative data between healthcare 

applications, enabling the sharing of patient information, laboratory results, and medical billing [71]. 

 Fast Healthcare Interoperability Resources (FHIR): A standard for exchanging healthcare information electronically, using 

APIs and data formats, facilitating secure and efficient data sharing between healthcare providers, payers, and patients [72]. 

 Digital Imaging and Communications in Medicine (DICOM): A standard for medical imaging data exchange, enabling the 

sharing and interpretation of medical images, such as X-rays and MRIs, between healthcare providers and facilities [73]. 

 SNOMED-CT (Systematized Nomenclature of Medicine - Clinical Terms): A comprehensive clinical terminology standard for 

EHRs, enabling accurate and consistent coding and classification of clinical data [74]. 

 ICD-10 (International Classification of Diseases, 10th Revision): A standard for coding and classification of diseases, injuries, 

and causes of death, facilitating accurate data exchange and analysis [75]. 

 ISO/IEEE 11073 (Medical Device Communication Standards): A set of standards for medical device communication, enabling 

the secure and efficient exchange of data between medical devices, such as patient monitors and ventilators [76]. 

These interoperability standards enable healthcare providers, payers, and patients to access and share information securely, 

efficiently, and accurately, regardless of the technology or platform used, ultimately improving patient care and outcomes. By 

adopting these standards, healthcare organizations can ensure seamless data exchange, reduce errors, and enhance the overall quality 

of care. Additionally, these standards facilitate the sharing of best practices, research, and innovation, contributing to the 

advancement of healthcare globally. 

 

C. Scalability Challenges 

The increasing number of healthcare devices connected to hospitals poses significant scalability challenges. The amount of data 

produced increases along with the number of devices, posing challenges in data management, storage, and analysis. Additionally, 

the diversity of devices, protocols, and data formats creates complexity in integrating and interoperating with existing hospital 

systems [77-78]. Connected healthcare systems face scalability issues when they are unable to handle increased traffic, data volume, 

and user demand without compromising performance, reliability, and security. This occurs when the system's resources, such as 

processing power, memory, and storage are unable to accommodate the increasing number of connected devices, users, and data 

transactions [78-79]. Such scalability issues can have a drastic impact on connected heath care system such as 

1) If system is down, resulting in delayed or lost critical patient data, disrupted clinical workflows, and compromised patient care. 

2) Inadequate storage and processing capabilities can lead to data loss, corruption, or inconsistencies, compromising patient safety 

and care quality. 

3) Scalability issues create vulnerabilities that cybercriminals can exploit, compromising patient data privacy and security. 

4) Slow system response times delay critical decision-making, affecting patient outcomes and care quality. 

5) Poor system performance and reliability discourage healthcare professionals from adopting connected healthcare solutions, 

hindering efficient care delivery. 

To overcome these scalability issues, researchers over the years have proposed several solutions. Yang et al., [80] proposed service-

oriented architecture based healthcare information system, which prioritize scalability in both hardware and software. Their work 

integrates heterogeneous systems through a standardized HL7 service interface, enabling scalable and efficient exchange of 

healthcare data across various applications and devices. The authors of [81] introduced an e-health monitoring architecture that 

leverages sensors, cloud, and fog infrastructure to provide real-time patient care and multimedia health services. To ensure system 

reliability, the author also proposes stochastic models examine how failures affect the availability of the system. The proposed 

architecture and models aim to identify and mitigate potential failures, particularly in emergency scenarios, to ensure optimal patient 

outcomes. [82] worked to handle high latency issues, and put forward a solution, combining an analytical model and a hybrid fuzzy-

based reinforcement learning algorithm in a fog computing environment. This approach reduces latency among healthcare IoT, end-

users, and cloud servers. In [83] a work is produced which leverages blockchain technology to enhance the privacy, security, and 

scalability of healthcare data in IoMT platforms.   
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The approach utilizes smart contracts to ensure secure and decentralized storage and communication of patient data, addressing 

concerns of centralized IoMT structures. This framework aims to revolutionize healthcare data management, ensuring 

confidentiality, integrity, and availability of patient information along with effectively providing scalability. The authors of [84] 

propose an architecture for smart healthcare, which combines blockchain and federated learning to protect user data privacy and 

preventing data loss. This approach utilizes blockchain-driven Internet of Things cloud systems enabling federated learning and 

security in large-scale machine learning applications. In smart city healthcare, users can acquire a well-trained machine learning 

model without disclosing personal information, guaranteeing security and privacy. 

 

Table III Proposed Solutions for Scalability Issues in Connected Healthcare 

Reference Solution Key Features Benefits 

[80] Service-oriented architecture 
Scalable hardware and software, 

HL7 service interface 

Efficient data exchange, 

scalability 

[81] 

Edge, fog and cloud 

infrastructure with stochastic 

models 

Sensors, cloud, fog infrastructure, 

stochastic models 

Real-time patient care, 

system reliability, optimal 

patient outcomes 

[82] 
Hybrid fuzzy-based 

reinforcement learning 

Analytical model, fog computing 

environment 

Reduced latency, 

improved IoT data 

transmission 

[83] Blockchain 
Smart contracts, decentralized 

storage and communication 

Enhanced privacy, 

security, scalability, 

confidentiality, integrity, 

and availability 

[84] 
Blockchain and federated 

learning architecture 

Blockchain-based IoT cloud 

platforms, federated learning 

Protected user data 

privacy, prevented data loss, 

scalable machine learning 

 

D. Storage Concerns 

The rapid growth of healthcare data, fueled by the increasing number of connected devices and systems, poses significant storage 

challenges. Healthcare data storage solutions come in three forms: onsite, cloud, and hybrid. Onsite storage solutions are typically 

used for sensitive data that requires high security and low latency, while cloud storage solutions offer scalability and cost-

effectiveness. Hybrid storage solutions combine the benefits of both, but can be complex to manage. However, these solutions can 

be inefficient when working with substantial amounts of data, diverse data formats, and real-time data generation. For instance, 

onsite storage can be costly and limited in capacity, while cloud storage may raise security and compliance concern and lastly, 

hybrid storage can be challenging to manage and integrate [85-88]. 

 
Figure 3 Commonly used data storage approaches in connected healthcare 
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The data deluge from medical imaging machines, patient monitoring systems, and EHRs can quickly overwhelm storage capacities, 

and the diverse range of devices and systems produce data in various formats, making management and storage challenging. Real-

time data generation from devices such as patient monitoring systems requires high-speed storage solutions to keep pace with the 

data influx, and ensuring the accuracy, completeness, and integrity of healthcare data is crucial, but difficult, particularly when 

handling big data sets. If not addressed, these storage challenges can lead to data loss, system downtime, security risks, inefficient 

data management, and compliance violations, ultimately impacting patient care and outcomes [89-90]. 

Researchers have been actively exploring innovative solutions to address these storage-related challenges, and several recent studies 

have proposed effective strategies to mitigate these issues. The work by Firouzi et al., [91] put forward a solution in the form of data 

monetization strategy that leverages the potential of IoT data, enabling organizations to capitalize on their data assets through data-

driven decision making, data-enriched product and service offerings, and data marketplaces. They also put up an approach for the 

architecture of the healthcare data economy that tackled important issues including security, scalability, and data governance. The 

author also explores the application of privacy-preserving technologies like multiparty computation and machine learning to ensure 

the secure and ethical use of healthcare data. In [92], a federated learning framework to address the storage challenges of healthcare 

data fragmentation, enabling the aggregation of decentralized data from various sources, such as electronic EHRs, without 

compromising data privacy. This approach facilitates the training of a shared global model on distributed data, leveraging a central 

server to orchestrate the learning process while maintaining data locality and confidentiality. Blockchain has been a state of the art 

technology for handling these storage challenges in connected healthcare. In [93], a work is proposed which is based on blockchain-

based for handling storage issues of personal medical data, leveraging decentralization, verifiability, and immutability to ensure 

secure and efficient storage and sharing. This approach utilizes a combination of blockchain and cloud storage to manage medical 

records, eliminating reliance on third-party intermediaries and preventing any single entity from controlling the data. The proposed 

framework enables secure, decentralized, and patient-centric management of medical information. The article [94] explores the 

potential of blockchain technology to transform HER systems, addressing issues of data security and storage, integrity, and 

management. A framework is proposed for implementing blockchain in healthcare, ensuring secure storage and granular access 

control for EHRs, while also addressing scalability concerns through off-chain storage. The framework aims to provide a scalable, 

secure, and integral blockchain-based solution for EHR systems, revolutionizing healthcare data management. 

 

IV. THE WAY AHEAD: TACKLING CHALLENGES AND SEIZING OPPORTUNITIES 

As the healthcare industry continues to cope with the challenges of medical devices when connected to hospital network, it is 

essential to prioritize strategies that address these issues head-on. In this section, we outline future research directions and key 

recommendations for stakeholders to tackle these challenges. 

The security of connected healthcare systems is a top priority for any healthcare organization. Developing robust encryption and 

authentication protocols is essential to protect sensitive data and prevent unauthorized access. While current research has focused 

intensively on this aspect, existing solutions fall short due to their reliance on resource-intensive cryptographic algorithms that 

require significant processing power and storage capabilities. However, medical devices, sensors, and other wearable devices have 

limited resources, making it crucial to develop lightweight cryptographic mechanisms that achieve robust security without 

compromising performance. Researchers have suggested ways to improve interoperability, but current solutions are limited by 

proprietary protocols and data formats, creating a fragmented system that leads to communication problems, data silos, and errors, 

making it hard to share patient information smoothly. Subsequent work must concentrate on establishing more standardized 

communication protocols and APIs to facilitate effortless data sharing, ensure accuracy, and enable real-time insights. 

Standardization may facilitate a more cohesive and efficient healthcare system, enabling better patient care and improved outcomes. 

Current scalability solutions for connected healthcare fall short due to limited infrastructure and rigid device designs, hindering the 

ability in order to manage growing data volumes and device connections. To meet the growing demands of connected healthcare, it's 

essential to scale for the future. This can be achieved by leveraging cloud-based solutions for data storage and processing, allowing 

for greater flexibility and scalability. Additionally, implementing artificial intelligence and machine learning for predictive 

maintenance enables proactive device management and minimizes downtime. Furthermore, developing modular and adaptable 

device designs enables easy integration and upgrade, ensuring a future-proof connected healthcare ecosystem. 

Existing storage solutions for connected healthcare are struggling to keep up with the vast volumes of data being produced, leading 

to data silos, fragmentation, and increased costs. Current storage systems are often inefficient, inflexible, and vulnerable to data 

corruption and loss. In future, the solutions must prioritize data consolidation, redundancy, and backup, leveraging technologies like 

cloud storage, data archiving, and disaster recovery to ensure reliable and secure data storage. 
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Researchers have progressed well in the domain of data analytics since the advancement of machine learning however, existing data 

analytics in healthcare is limited by fragmented data, delayed insights, poor data quality, and lack of interoperability, limited 

contextual understanding. In future, researchers should focus on developing advanced data analytics tools for real-time monitoring 

and insights enables healthcare professionals to make informed decisions quickly. Integrating data from multiple devices and 

sources provides a thorough understanding of patients' health. Using data-driven approaches for quality improvement and patient 

safety leads to better health outcomes. 

Lastly, and most importantly it is necessary to establish clear guidelines for device connectivity and data management ensures a 

secure and efficient connected healthcare ecosystem. Encouraging collaboration between industry stakeholders and regulatory 

bodies facilitates the development of effective regulations. Developing standards for device security and interoperability promotes 

trust and confidence in connected healthcare technologies. 

 

V. CONCLUSIONS 

The rapid digital transformation in healthcare has increased a profound reliance on medical devices and sensors, revolutionizing 

healthcare delivery through advanced patient monitoring, remote care, and data-driven decision-making. This connected healthcare 

paradigm has yielded significant improvements in patient outcomes and healthcare efficiency. However, the integration of medical 

devices into hospital networks also raises critical concerns about security, scalability, storage, and interoperability, increasing the 

risk of cyber-attacks, data breaches, and system downtime. As the healthcare ecosystem increasingly relies on connected devices, 

addressing these challenges is crucial to ensure continued patient care improvement and sensitive medical data protection. This 

paper provides a comprehensive examination of connected healthcare challenges ranging from authentication challenges, 

confidentiality issues to more advanced security threats such as man in the middle attack, replay attack and others, scalability 

limitations, storage constraints, and interoperability issues that arise when medical devices are integrated into hospital networks. We 

also thoroughly explore existing solutions proposed to address these challenges but majority of proposed solutions aren’t built while 

keeping in mind the resource constraint nature of sensors, medical devices which make it difficult for these devices to perform 

heavy processing to store huge data. We also expressed other limitations of existing solution highlighting the need for future 

research and indicated key areas for future research. Furthermore, we examine the role of emerging technologies, such as AI and 

blockchain, in addressing the challenges of connected healthcare. By recognizing these issues and suggesting potential solutions, we 

hope to support the development of more secure, scalable, and interoperable connected healthcare systems. 
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