International Journal of Computer Trends and Technology
ISSN: 2231-2803 / https://doi.org/10.14445/22312803/1JCTT-V72I11P104

Volume 72 Issue 11, 23-30, November 2024
© 2024 Seventh Sense Research Group®

Review Article

Cybersecurity in Healthcare: Protecting Critical
Infrastructure Against Evolving Threats

Yash Patel
Capella University, Minnesota, USA.
Corresponding Author : ypatell@capellauniversity.edu

Received: 19 September 2024 Revised: 22 October 2024 Accepted: 11 November 2024 Published: 29 November 2024
Abstract - This research paper addresses the healthcare sector's cybersecurity challenges and explores strategies for protecting
critical infrastructure against evolving cyber threats. Healthcare organizations increasingly rely on interconnected medical
devices, IT systems, and patient data, making them prime targets for cyberattacks. The study draws on existing literature and
presents a comprehensive framework for identifying and mitigating risks to healthcare infrastructure. Topics include security
vulnerabilities, IT challenges, risk assessments, and threat mitigation strategies. The findings emphasize the need for robust

cybersecurity frameworks to safeguard healthcare systems, reduce vulnerabilities, and improve resilience. Recommendations

focus on enhanced risk management, IT governance, and proactive cybersecurity policies in healthcare.
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1. Introduction

The healthcare sector, a cornerstone of public health and
safety, is increasingly targeted by cyberattacks due to its
critical infrastructure and the sensitive data it holds. The rapid
digitization of healthcare systems through electronic health
records (EHRs), telemedicine platforms, interconnected
medical devices, and cloud-based systems has led to
unprecedented efficiency gains but has also created substantial
cybersecurity vulnerabilities (Arafa et al., 2023). Recognizing
these risks, the US. Cybersecurity and Infrastructure Security
Agency (CISA) has designated healthcare as one of sixteen
critical infrastructure sectors needing enhanced cybersecurity
protections (CISA, 2019). However, the swift adoption of
digital technologies in healthcare often outpaces the
development and integration of robust cybersecurity
measures, resulting in exploitable gaps that malicious actors
can target. This gap in cybersecurity is further complicated by
the sensitive nature of healthcare data and the
interconnectedness of medical devices, collectively known as
the Internet of Medical Things (IoMT). Although EHRs
improve patient care coordination, they expose highly
sensitive patient information, making healthcare organizations
prime targets for data breaches and unauthorized access
(Bhatti et al., 2021). Telemedicine services, which saw a
marked increase during the COVID-19 pandemic, have
further expanded the healthcare attack surface by introducing
new, often poorly secured, entry points for cyber threats
(Hermes et al., 2020). The proliferation of 10MT, including
devices like pacemakers and infusion pumps, raises severe
concerns, as breaches of these interconnected devices could

directly endanger patient lives (Mejia-Granda et al., 2024).
The expanding digital landscape has provided cybercriminals
with multiple vectors for attacking healthcare systems,
jeopardizing both service continuity and patient safety. High-
profile cyber incidents underscore the urgency of addressing
these cybersecurity risks. For instance, ransomware attacks
have disrupted hospital operations, leading to postponed
surgeries, patient diversions, and, in some cases, severe
consequences for patient outcomes (Wells, 2019). While
outside the healthcare sector, the ransomware attack on
Colonial Pipeline in 2021 highlighted the catastrophic
potential of such attacks on critical infrastructure and
underscored healthcare’s vulnerability to similar threats
(Congressional Research Service, 2023). Additionally,
breaches of patient records have led to extensive legal
liabilities, financial losses, and reputational damage for
healthcare providers (Baz et al., 2023).

This study addresses a critical gap in the existing
literature by examining the specific vulnerabilities unique to
healthcare systems, especially the risks posed by outdated
systems, insufficient security practices, and the increased
reliance on third-party services (Ayaad et al., 2022). It builds
on previous research by emphasizing the need for a proactive
approach to cybersecurity in healthcare and proposing
practical strategies for integrating cybersecurity measures
with operational workflows. Additionally, the paper
highlights the necessity of collaborative cybersecurity efforts
involving healthcare providers, policymakers, and IT vendors
to establish resilient healthcare systems capable of
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withstanding sophisticated cyberattacks. By offering insights
into  effective  resilience  planning and  strategic
recommendations, this study aims to enhance the security
posture of healthcare organizations, ensuring uninterrupted
patient care and improved defenses against future threats.

2. Literature Review

Healthcare organizations increasingly rely on digital
technologies to streamline operations, improve patient care,
and enhance health outcomes. However, this shift towards
digital transformation has broadened the sector's attack
surface, making it particularly susceptible to cyber threats.
The complexity and sophistication of cyberattacks continue to
grow, while the healthcare industry’s dependence on
interconnected systems and third-party vendors intensifies the
risks. Effective cybersecurity measures and proactive
strategies are therefore essential. This section reviews the
literature  on  healthcare  cybersecurity,  exploring
vulnerabilities introduced by new technologies, the
implications of outsourcing, challenges in security framework
implementation, and emerging solutions. Healthcare
organizations handle highly sensitive data, such as electronic
health records (EHRS) and personal identifiable information
(P1I), making them prime targets for cybercriminals (Bhatti et
al., 2021).

Ransomware attacks have surged in recent years, with
hospitals often forced to pay ransoms to restore access to their
systems, leading to service disruptions that compromise
patient safety (Salama et al., 2024). Data breaches expose
organizations to significant financial loss, legal liabilities, and
reputational damage (Ayaad et al., 2022). The Internet of
Medical Things (loMT) further complicates healthcare
cybersecurity by connecting medical devices like pacemakers,
insulin pumps, and wearable health monitors to healthcare
networks, enabling real-time data transmission (Mejia-Granda
et al., 2024). While these devices offer valuable insights into
patient care, their integration creates new vulnerabilities.
Many IoMT devices lack built-in security features, leaving
them exposed to hacking risks, which can lead to life-
threatening consequences if device functionality is
compromised (Sarkar et al., 2024).

Another critical issue is the fragmented nature of
healthcare networks, with multiple systems and applications
often developed by different vendors operating within the
same infrastructure. This lack of standardization and
interoperability complicates cybersecurity measures and
creates exploitable gaps for attackers (Lehto et al., 2022).
Furthermore, the widespread adoption of telemedicine has
increased the attack surface, as remote consultations and data
exchanges depend on secure internet connections and cloud
infrastructure, which are not always adequately protected (He
etal., 2021). Outsourcing IT services is common in healthcare,
offering cost savings and access to specialized expertise
(Khosravi et al., 2022). However, it also introduces significant
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security risks. When healthcare providers rely on third-party
vendors for data storage, software development, or IT
management, they are vulnerable to breaches originating from
external networks (Ayaad et al., 2022). A vendor lacking
adequate security protocols can become an entry point for
cybercriminals, allowing unauthorized access to sensitive
information (Bhatti et al., 2021). A lack of oversight and
coordination between healthcare providers and outsourced
vendors complicates incident response and threat mitigation.
Effective risk management requires healthcare organizations
to thoroughly assess potential vendors, ensuring compliance
with industry security standards like HIPAA (Ayaad et al.,
2022). Additionally, healthcare organizations must implement
robust governance frameworks to monitor outsourced
services, enforcing security best practices across all external
partnerships (Khosravi et al., 2022).

Healthcare organizations face significant obstacles in
implementing effective cybersecurity measures, often limited
by financial and human resources. Tight budgets and
competing priorities mean that cybersecurity investments are
frequently deprioritized in favor of direct patient care (Hermes
et al., 2020). Consequently, many healthcare providers rely on
outdated systems that lack essential security features,
increasing their vulnerability to attacks (Salama et al., 2024).
Compliance with regulations, such as HIPAA in the United
States and the General Data Protection Regulation (GDPR) in
Europe, adds further complexity. While these regulations aim
to protect patient data, they place additional administrative
burdens on healthcare organizations, which often struggle to
meet evolving compliance requirements (McConomy &
Leber, 2022). The shortage of cybersecurity expertise within
healthcare organizations compounds these challenges, with
many providers relying on general IT staff who may lack
specialized cybersecurity skills (Bhatti et al., 2021).
Therefore, training and awareness programs are essential to
equip healthcare staff with the knowledge needed to identify
and respond to cyber threats effectively (CISA, 2023).

Several frameworks and methodologies have been
proposed to address healthcare cybersecurity challenges.
Value-sensitive design is one such approach, incorporating
ethical considerations into system development and
emphasizing patient privacy and security (Alvarenga &
Tanev, 2017). This framework encourages the integration of
security measures from the outset of system development
rather than as an afterthought. Another promising framework
is the Threat Assessment and Risk Analysis (TARA) model,
adapted from the automotive industry to assess vulnerabilities
in interconnected medical devices and propose risk mitigation
strategies (Puder et al., 2023). TARA is particularly relevant
for 1o0MT devices, where cyberattacks can have severe,
immediate consequences for patient safety. Advancements in
Artificial Intelligence (Al) and machine learning offer
additional cybersecurity tools, as these technologies can
analyze large volumes of data in real-time to detect anomalies



Yash Patel / 1JCTT, 72(11), 23-30, 2024

and predict security breaches (Joy et al., 2024). Al-based
solutions improve healthcare organizations' overall resilience
by significantly reducing response time to threats. However,
implementing Al-driven cybersecurity measures introduces
new ethical and privacy considerations, particularly regarding
the responsible use of patient data (Reddy, 2024).
Collaborative efforts among healthcare providers, government
agencies, and industry stakeholders are crucial for improving
cybersecurity. The US Department of Health and Human
Services (HHS) has developed a cybersecurity framework
implementation guide to help healthcare organizations assess
and improve their security posture (HHS, 2023). Likewise,
CISA offers resources to support healthcare providers in
securing critical infrastructure (CISA, 2019).

The future of healthcare cybersecurity will likely see a
shift toward proactive risk management and continuous threat
monitoring. As cyberattacks become more advanced,
healthcare organizations must adopt a multi-layered security
approach, combining technological solutions  with
comprehensive governance frameworks (Riggs et al., 2023).
Embedding cybersecurity awareness within organizational
culture ensures all employees recognize their role in
maintaining  security and compliance. International
cooperation will play a pivotal role in countering cross-border
cyber threats to healthcare systems. Collaborative efforts
between governments and industry stakeholders are needed to
develop global standards for healthcare cybersecurity and
facilitate information-sharing on emerging threats and
vulnerabilities (Lehto et al., 2022). Healthcare providers must
also anticipate the ethical and regulatory challenges
introduced by new technologies like Al, blockchain, and
quantum computing. While these innovations hold promise
for healthcare delivery, they also create new risks that require
rigorous governance and oversight (Yazid, 2023).

3. Research Method

This study employs a qualitative research method
involving a comprehensive review of existing literature and
cybersecurity frameworks. Data from journal articles, case
studies, government reports, and industry publications are
thoroughly investigated to identify key cybersecurity threats
and challenges in healthcare (CISA, 2023). Comparative
analysis evaluates existing risk mitigation frameworks,
highlighting gaps and proposing actionable recommendations.

4. IT Security Threats and Challenges in

Healthcare Critical Infrastructure

The healthcare sector is essential to public health and
safety, yet its increasing reliance on digital systems has made
it a primary target for cyberattacks. While technologies such
as Electronic Health Records (EHRs), telemedicine, and
connected medical devices improve patient care and
operational efficiency, they expose healthcare systems to
significant cybersecurity risks. If these threats are not
addressed effectively, they could lead to service disruptions,
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compromised patient safety, and data exposure. This section
explores the most pressing security threats to healthcare
infrastructure and the challenges healthcare organizations face
in securing their IT systems, focusing on the interplay between
technological vulnerabilities and operational hurdles.
Ransomware is among the most disruptive cyber threats
facing healthcare organizations. Attackers use malicious
software to encrypt critical data or systems, demanding
payment to restore access. This threat is particularly damaging
in healthcare, where delayed or cancelled treatments-
including surgeries or emergency services, can have life-
threatening consequences. Hospitals under pressure often
resort to paying ransoms, which only encourages further
attacks (Wells, 2019). High-profile incidents like the 2017
WannaCry attack demonstrated the sector’s vulnerability,
exploiting weaknesses in outdated software and crippling
healthcare operations on a global scale (Salama et al., 2024).

Many healthcare organizations still rely on legacy
systems that lack robust security, increasing their
susceptibility to ransomware. Attackers specifically target
hospitals due to the life-and-death stakes of service
interruptions, hoping this urgency will prompt ransom
payments. Phishing attacks exploit human error, using
deceptive communications to trick healthcare workers into
revealing credentials or granting unauthorized access to
systems. Often conducted via fraudulent emails or messages
that mimic legitimate sources, these attacks prey on
employees in high-stress healthcare environments, who may
be less vigilant. Once attackers gain access, they can steal
sensitive data or deploy additional malware within the
network (Newaz et al., 2021). Because phishing circumvents
technical defenses by manipulating human behavior, it
represents a significant security risk. To mitigate this threat,
healthcare providers must prioritize training programs that
educate staff on recognizing and reporting suspicious
communications, enhancing overall vigilance.

The Internet of Medical Things (IloMT) comprises a
network of connected medical devices, including pacemakers,
insulin pumps, and wearable health monitors that enable
continuous patient monitoring. These devices significantly
enhance patient care but also introduce new cybersecurity
vulnerabilities. Due to pressures to expedite development and
deployment, 1oMT devices often lack rigorous security
features, making them susceptible to attacks (Mejia-Granda et
al., 2024). The fragmented ecosystem of loMT devices, where
multiple vendors' products are integrated into a single
network, further complicates security efforts, creating
numerous points of vulnerability. A compromised device not
only risks patient data but could also disrupt essential medical
functions, posing a direct threat to patient safety (Sarkar et al.,
2024). Data breaches remain a pervasive threat, with serious
legal, financial, and reputational repercussions. Healthcare
data, including patient records, insurance details, and billing
information, is highly valuable on black markets, making
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healthcare organizations prime targets for data theft. Exposed
data can lead to identity theft, insurance fraud, and erode
patient trust (Williams & Woodward, 2015). Regulations like
HIPAA in the United States and GDPR in Europe impose
strict requirements to protect patient information, but breaches
persist due to inadequate security controls, insider threats, or
vulnerabilities at third-party vendors (McConomy & Leber,
2022). DDoS attacks flood healthcare systems with massive
volumes of traffic, overloading networks and rendering
services inaccessible. This can be especially harmful to
healthcare providers, as DDoS attacks can prevent access to
critical applications and impede communication between
medical teams and patients (Congressional Research Service,
2023). In some cases, DDoS attacks are a precursor to ransom
demands, where attackers offer to cease the attack in exchange
for payment. Limited cybersecurity resources often mean
healthcare providers struggle to effectively mitigate such
attacks.

Healthcare providers must adhere to complex regulatory
frameworks, such as HIPAA in the US and GDPR in Europe,
which mandate strict protocols to protect patient data,
including encryption, access control, and incident reporting.
While these regulations are essential for safeguarding patient
privacy, compliance can be challenging, particularly for
smaller organizations with limited resources (Mohammed,
2017). The dynamic nature of healthcare, combined with
rapidly evolving cyber threats, makes it difficult to stay
compliant with these requirements. Failing to comply can lead
to significant fines, legal repercussions, and reputational
damage, highlighting the need for constant monitoring and the
flexibility to adapt to new regulations. Many healthcare
providers continue to rely on legacy systems and outdated
infrastructure that were not designed to address today’s
cybersecurity threats. These systems often lack crucial
security patches, making them vulnerable to exploitation.

Replacing or upgrading legacy systems is a financial and
operational task, as it often requires costly and complex
integration processes that could disrupt patient care (Califf et
al., 2020). As a result, many healthcare organizations opt for
temporary solutions, like patch management, instead of
comprehensive system overhauls. However, this approach
leaves critical infrastructure open to potential cyber threats.
Outsourcing IT services to third-party vendors has become
common in healthcare, as it offers cost savings and access to
specialized skills.

However, it also brings considerable security risks. A
security breach at a vendor could expose sensitive data from
multiple healthcare organizations as attackers exploit
weaknesses beyond the provider’s immediate control (Ayaad
et al., 2022). Healthcare organizations must perform thorough
due diligence on vendors to mitigate this risk, ensuring they
meet industry security standards. Moreover, establishing clear
governance frameworks to monitor vendor compliance and

26

enforce security practices is essential for safeguarding patient
data throughout these partnerships (Khosravi et al., 2022).

5. Risk Management, Security & Compliance

Considerations

Healthcare critical infrastructure faces unique and
complex IT security challenges due to its reliance on
interconnected systems, sensitive patient data, and the
essential requirement for continuous, uninterrupted service.
Cybercriminals increasingly target these systems through
ransomware attacks, phishing, and insider threats.
Vulnerabilities stem from the complex networks that link
medical devices, Electronic Health Records (EHR) systems,
and third-party software, all of which must operate in sync to
deliver effective patient care. Adopting cloud services, remote
access solutions, and loT-connected medical devices further
expands the attack surface, complicating security efforts. To
effectively address these threats, healthcare providers must
implement comprehensive risk management frameworks that
assess and mitigate potential threats, integrate advanced
technologies, and establish robust procedures for proactive
and reactive defense. This approach safeguards critical
healthcare systems' confidentiality, integrity, and availability,
ultimately ensuring patient safety and operational continuity.

A proactive risk management strategy in healthcare
begins with structured assessments to identify vulnerabilities
and potential threats to operations. Frameworks such as Threat
Assessment and Risk Analysis (TARA) and the NIST
Cybersecurity Framework (CSF) are essential for healthcare
organizations aiming to systematically manage IT security
risks. The TARA framework emphasizes the mission-critical
impact of cyber threats, prioritizing high-risk vulnerabilities
within EHR systems, medical devices, and patient portals
(Puder et al., 2023). Meanwhile, NIST CSF provides a
comprehensive five-step lifecycle: Identify, Protect, Detect,
Respond, and Recover, promoting a continuous approach to
cyber resilience across healthcare environments (NIST, 2022).
Regular security audits and penetration testing complement
these frameworks by identifying weaknesses before attackers
can exploit them. Security audits ensure compliance with
regulations such as HIPAA and GDPR, while penetration tests
simulate real-world attacks, exposing vulnerabilities that may
be missed through standard assessments. Conducting these
evaluations frequently strengthens defences and keeps
healthcare organizations in alignment with evolving industry
standards, reducing the risk of regulatory violations. Given the
interconnected and high-stakes nature of healthcare systems,
many organizations are moving towards a Zero-Trust Security
Model, which operates under the principle that no user or
device should be implicitly trusted, regardless of its location
within the network. Zero-Trust emphasizes continuous
identity verification, multi-factor authentication (MFA), and
behavior monitoring to mitigate risks from both insider threats
and compromised credentials (CISA, 2023). In this model,
each access request is verified in real-time, minimizing the
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possibility of unauthorized access to sensitive healthcare data
and systems. In addition to Zero-Trust, Al-driven
cybersecurity solutions have become invaluable in detecting
and responding to threats as they occur. Advanced Al and
machine learning (ML) algorithms analyze vast volumes of
network data, identifying patterns indicative of malicious
behavior, such as unauthorized access attempts or anomalous
data transfers (Yigit et al., 2024). Al is also applied to fraud
detection, flagging suspicious billing activities that may
indicate identity theft or compliance violations (Baz et al.,
2023). However, these tools must be managed carefully to
minimize false positives and ensure that cybersecurity
defenses can evolve in response to new types of threats.

Human error remains one of the biggest security
vulnerabilities in healthcare, as employees are frequently
targeted by social engineering tactics, including phishing
emails. Therefore, employee training and awareness programs
are critical. Effective training programs are continuous,
incorporating simulated phishing campaigns and interactive
sessions that improve staff’s ability to recognize and report
suspicious activities (Newaz et al., 2021). Role-specific
training is essential, ensuring that staff members, whether
administrative personnel, healthcare providers, or IT support,
are well-informed of the unique risks associated with their
roles. Incorporating gamification elements and reward
systems can further encourage staff participation and
attentiveness. In parallel with training, a well-defined incident
response plan is essential to enable healthcare providers to
recover rapidly during a cyberattack. This plan should outline
key steps, including detection, containment, eradication, and
recovery, to be followed during a cybersecurity incident.
Regular tabletop exercises and simulations help refine these
strategies, ensuring that all stakeholders, from IT teams to
senior management, are prepared to respond effectively in the
event of an attack (Baz et al., 2023).

Additionally, secure backup systems stored offline or
within protected cloud environments are critical to protect
against ransomware attacks that attempt to target backups to
disrupt recovery efforts. Healthcare organizations frequently
rely on third-party vendors for essential services, such as
software development, cloud storage, and medical device
maintenance. While outsourcing provides access to
specialized expertise and operational efficiencies, it also
introduces new security risks, as vendors may not always
adhere to the same security standards as healthcare providers
(Ayaad et al., 2022). A security breach at a vendor could
expose sensitive healthcare data, resulting in legal, financial,
and reputational damage. To manage these risks, healthcare
providers must thoroughly assess third-party vendors,
ensuring that they implement adequate security controls
aligned with industry standards. Service-level agreements
(SLAS) should include clear security expectations and
response protocols in case of an incident. Ongoing vendor
compliance monitoring is equally important to ensure
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continued adherence to security standards. Through a robust
vendor management strategy, healthcare organizations can
effectively balance the benefits of external expertise with the
need to safeguard critical infrastructure and data. Ensuring
resilience within healthcare systems requires a layered
security approach that prevents attacks and enables rapid
recovery and continuity of operations when disruptions occur.

Strategies to enhance resilience include maintaining
redundant systems, using secure and frequently updated
software, and diversifying IT infrastructure to limit points of
failure. Moreover, healthcare organizations must employ
continuous monitoring to detect and address early signs of
compromise before they escalate. Regularly reviewing and
testing incident response plans and backup systems are crucial
for sustaining operational continuity, especially during large-
scale cyber incidents. This layered and adaptive approach
ensures that healthcare providers can continue delivering
patient care with minimal disruption, even in the face of
escalating cybersecurity threats.

6. Conclusion

The growing reliance on interconnected technologies
within healthcare critical infrastructure brings numerous
benefits, including improved patient care, operational
efficiency, and data-driven decision-making. However, this
digital transformation also exposes healthcare systems to
escalating cyber threats, such as ransomware attacks, phishing
schemes, data breaches, and insider threats. Given the
sensitive nature of healthcare data and the potential risks to
patient safety, implementing robust cybersecurity measures is
not optional. Healthcare providers must adopt comprehensive
IT risk management frameworks, such as the NIST
Cybersecurity Framework (CSF) and Threat Assessment and
Risk Analysis (TARA), to proactively identify, mitigate, and
manage risks across their systems.

These frameworks allow organizations to build resilience
by focusing on critical aspects, including early threat
detection, continuous monitoring, and coordinated response
mechanisms. Adopting advanced technologies like artificial
intelligence (Al), machine learning (ML), and Zero-Trust
security models enhances an organization’s ability to detect
threats in real time and prevent unauthorized access. However,
technology alone is insufficient, and employees remain
vulnerable. Continuous training programs are essential to
prevent human errors, such as falling victim to phishing
attacks.

Equally important is managing third-party risks, as
healthcare organizations increasingly rely on vendors for
medical devices, cloud services, and outsourced IT solutions.
Rigorous vendor assessments and clearly defined service-
level agreements (SLAs) help maintain security and
compliance standards across the extended healthcare
ecosystem. In this evolving threat landscape, healthcare
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organizations must also prioritize incident response planning
to ensure rapid recovery from disruptions and safeguard

withstanding emerging threats, protecting sensitive patient
data, and ensuring uninterrupted service delivery.

continuity of care. Security is not a one-time effort but an
ongoing process that requires collaboration between
stakeholders, including regulators, healthcare providers,
vendors, and IT professionals. By integrating people,
processes, and technologies, healthcare organizations can
build resilient, secure IT environments capable of
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