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ABSTRACT- There is increased implementation of
digital systems in healthcare. Medical centers accumulate a
considerable amount of patient information in database
systems and computers. This data is sensitive. Hackers can
steal or destroy it. Cybersecurity is, therefore, extremely
critical in healthcare.

Healthcare systems may be made safer with the help of
Artificial Intelligence (Al). Threats can be detected, attacks
averted and rapid response provided by Al. Machine
learning, deep learning, and anomaly detection are some of
the Al techniques. The Al can be used to secure patient
records, hospitals networks and medical devices.

Al also has challenges. Patient information confidentiality
is a major issue. Al may lack adequate good data in
hospitals. Al systems are subject to attack by hackers. Using
Al can be costly. Legal and ethical issues, such as patient
consent, are also present.

Al can also ensure the security and power of healthcare in
the future. It can be assisted by new Al technologies,
superior systems, and clear policies. This review examines
the Al applications in healthcare cybersecurity, issues it
experiences, and future actions.

KEYWORDS: Artificial Intelligence, Cybersecurity,
Healthcare, Machine Learning, Data Security

I. INTRODUCTION

Healthcare is changing fast. There is increased usage of
digital tools in hospitals, clinics, and health systems [1].
Electronic Health Records (EHRs), medical devices, and
web platforms assist physicians and nurses to work quicker
and make care superior. The patients can obtain their
records online and doctors are able to share information at
a quick pace. Healthcare becomes more efficient under the
influence of digitalization, and it is not deprived of risks.

One big risk cyberattacks. Cybersecurity refers to the act of
securing computers, networks, and data against hackers or
destruction. Cybersecurity is quite significant in the
healthcare sector as patient information is highly
confidential [2]. In case hackers steal or modify such data,
it may damage patients and destroy confidence in hospitals.
Healthcare cyberattacks may consist of ransomware,
phishing, malware, and medical device attacks. The threats

to hospitals continue to increase since they store a lot of
sensitive data, as well as many connected devices.
Artificial Intelligence (Al) develops as one of the enhancing
tools to enhance cybersecurity. Al can be trained on data
and be able to detect anomalous activities that are
potentially indicative of attacks [3]. Some Al techniques
applied in the field of cybersecurity are machine learning,
deep learning, and anomaly detection. Al can assist
hospitals to identify threats quicker, preserve patient
documents, and guard medical equipment. Another way Al
can minimize security issues is through human error that
causes security issues.

Application of Al in healthcare cybersecurity is not easy.
There are challenges. The good data required by Al to do
well in hospitals are large [4]. Hackers can attack Al
systems. There are issues of privacy, ethical and legal
concerns. Artificial intelligence can also be expensive and
might require one to possess special technical skills.
Irrespective of these shortcomings, Al has enormous
potential to transform healthcare systems into safer and
more robust.

This literature review examines the application of Al in
healthcare cybersecurity. It describes the key uses of Al, the
issues encountered and future trends. Another aspect that
the paper brings to the fore is the ability of Al to safeguard
hospital networks, patient information, and medical
devices. This is since it aims to provide the researchers,
healthcare professionals and policy makers with a clear
picture of the role of Al in healthcare security.

Thisreview is limited to research and examples of hospitals,
healthcare networks, and medical equipment. It discusses
the forms of Al applied, the advantages of Al in
cybersecurity, the risks and challenges, and future
suggestions. Legal, ethical, and technical issues of Al
implementation in healthcare are also addressed in the
review.

This paper will demonstrate that Al can be used to prevent
cyberattacks in hospitals and enhance patient safety by
analyzing the applications and issues of Al. It also indicates
the research gaps and where further research should be
done. In general, the present review provides a concise yet
clear picture of the present scenario and further
opportunities of Al in healthcare cybersecurity.
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Il. OVERVIEW OF CYBERSECURITY IN
HEALTHCARE

A. Digital Healthcare and Cyber Risks

The healthcare systems are filled with numerous digital
devices that store, share, and process patient information.
They are computer systems, server systems, mobile
applications, and Internet of Things (1oT) devices [5]. Due
to this reason, hospitals are exposed to numerous cyber
threats. Cyberattacks may damage patients, halt hospital
work, and lead to loss of money [6]. It is beneficial to know

the primary categories of threats so that hospitals can plan
more protection.
Cybersecurity refers to ensuring computer systems and
information is secure against attacks. This is highly
significant in the medical field since patient information is
confidential and classified. In the case of a cyberattack in a
hospital, essential medical services, patient damage, and
destroyed trust can be halted.
Recent statistics indicate that data breach has been among
the gravest cybersecurity threats in the healthcare industry.
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Figure 1: Number of Reported Data Breaches in the U.S. Healthcare Sector

The chart (see the Figure 1) displays the number of the data
breaches reported in the American healthcare sector for 12
months. The breaches vary every month with some months
reporting more incidences than others. The maximum
number of breaches was in October 2022 with 75 incidents,
and the minimum was 45 incidents in March 2022. This
trend indicates the ongoing fight to ensure patient
information is not stolen by hackers and insiders. Although
there is an increase in digital security systems, the
healthcare organizations remain under significant threat due
to the increased adoption of electronic health records and
the interconnected digital devices. Statistics indicate the
significance of ensuring that cybersecurity is tightened and
awareness is created to ensure that patient information is not
compromised.

B. Common Cyber Threats in Healthcare

Ransomware is one of the threats that are common. The
attack is used to lock the computers or data present in the

hospital until money is paid to hackers [7]. It can prevent
the doctor from looking at the patient records and
postponing treatment. In others, hospitals have spent huge
sums of money on recovering their systems. Phishing is the
other significant threat. Hackers use fake emails or
messages to deceive the staff to give out passwords or even
trust in harmful links. These attacks are prevalent since they
aim at human error.
Breach of data is also a huge issue. In the event of a patient
record theft by hackers, the information may be sold away
or be used in identity theft [8]. Health data of individuals
would fetch a lot in the black market. Another vulnerability
is IoT. Most medical equipment such as heart monitors or
insulin pumps is set up on the internet. Unless these are
secure, they can be used or misapplied by hackers.
In addition to damaging hospitals, patient safety and trust
are also affected by these attacks. One cyberattacks is able
to bring down operations, loss of data and diminished
confidence among the population. See the below Table 1.

Table 1: Healthcare Cybersecurity Threats and Impacts

Threat Type Impact on Healthcare

Example/Case Study

Ransomware Stops access to patient data; delays treatment

WannaCry attack on UK’s NHS (2017) caused hospital shutdowns

Phishing Steals passwords and spreads malware

Fake “COVID-19 update” emails in US hospitals

Data Breach Leaks patient records and personal data

Anthem Health breach (2015) exposed 78 million records

10T Vulnerability Lets hackers control medical devices

Insulin pump hack (2019) showed safety risks

C. Cybersecurity Rules and Laws

To safeguard patient information, most countries have
special regulations and legislation.
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The health insurance portability and accountability act
(HIPAA) is a law in the United States that safeguards
patient data [9]. It informs hospitals on the way to protect
electronic data, as well as what they must do in case of a
data breach.
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The General Data Protection Regulation (GDPR) is a
regulation in Europe that regulates the use and sharing of
personal data, including health data (GDPR, 2018). It
provides patients with increased power over their data.
There are also privacy laws in other countries. These
policies are aimed at ensuring patient data security.
However, most hospitals, particularly the small one’s
struggle to keep up with all the regulations. Others do not
have a big budget or sufficient trained personnel to handle
security systems.

D. Traditional Cybersecurity Methods

Various ways of protecting systems are used in hospitals.
These are firewalls, antivirus programs, passwords and
network monitoring [10]. These are used to prevent
numerous attacks. However, contemporary cyber threats
are becoming more intelligent and sophisticated.
Conventional ways have their boundaries. They frequently
find out about attacks only when they take place. People
must be taken up to update or check systems manually. This
is time consuming and can fail to detect threats that are fast
moving.

In addition, human error is the subject of numerous attacks
today. As an illustration, a hectic nurse can open fake mail
unknowingly. This form of error cannot be completely
prevented by any software.

E. The Need for Smarter Protection

Due to these issues, hospitals are seeking more intelligent
ways out. One of the new tools that has been most effective
in cybersecurity is artificial intelligence (Al). The Al isable
to draw conclusions on the data, identify suspicious trends,
and alarm hospitals in advance [11]. It is also capable of
identifying and preventing attacks earlier than human
beings.

The best thing to do before implementing Al in any
comprehensive way is to know the efficiencies of the
existing methods and their weaknesses as well. This assists
in strengthening systems in the future.

Effective cybersecurity in healthcare is not technological
only. It concerns the safety of individuals, their information
and their belief in healthcare.

I11. ARTIFICIAL INTELLIGENCE IN
CYBERSECURITY

Acrtificial Intelligence (Al) refers to the application of
computers to think and learn as humans. Al will be able to
learn information, identify trends, and make conclusions
independently [12]. In cybersecurity, Al assists in
identifying and preventing attacks at a rapid rate compared
to human beings. It is also able to make use of the previous
events and enhance its performance.

Al can be highly valuable in healthcare since hospitals
receive numerous digital data daily. Human beings cannot
easily look at every piece of information and discover risks
[13]. Al can perform this task fast and more efficiently. It

can monitor all activities within the system and investigate
anything suspicious that can indicate an attack. Thisrenders
Al a significant component of the safety of healthcare
systems.

A. Types of Artificial Intelligence Used in Cybersecurity

The various types of Al to defend digital systems exist.
Machine Learning, Deep Learning, and Natural Language
Processing are the most prevalent ones.

Machine Learning (ML) assists computers in learning based
on the previous information. It researches the appearance of
normal activity and then identifies anything out of the
ordinary [14]. To illustrate, when a hacker attempts to
penetrate the system, ML can tell that it is an abnormality.
Machine Learning is a more developed type of Deep
Learning or DL. It applies numerous layers of algorithms
which are referred to as neural networks [15]. It can identify
sophisticated patterns of attacks which simple systems are
unable to detect. Deep Learning is frequently applied to
detect malware or other new threat categories.

Natural Language Processing or NLP assists computers in
comprehending human language. It has the ability to read
emails, messages and any other text [16]. NLP can be
implemented to detect phishing emails aimed at deceiving
hospital employees into providing passwords or clicking
malicious links.

All these forms of Al co-exist and make systems more
robust. They assist hospitals to safeguard their networks,
patient records and medical equipment against various
forms of attacks.

B. Al Applications in Cybersecurity

There are numerous ways Al can be applied in
cybersecurity. Raising intrusion is one of its primary
applications. Artificial intelligence can monitor the hospital
networks around the clock and alert when a person is
attempting to access the premises without authorization
[17]. It gets to know what normal traffic is and alerts in case
of anything different.

Anomaly detection is also done with the help of Al. This
implies that it detects abnormalities that are not in line with
the usual patten [18]. As an illustration, when a doctor logs
in but the account is in the foreign country, the Al system
will consider this as a potential threat. Malware detection is
another useful application of Al. Malware refers to bad code
that has the potential of corrupting computers in the
hospital. Al can read files and code to detect any hidden
malware and prevent its destructive effects. It is even able
to identify new malware that has never been encountered.
Phishing attacks can also be identified with the help of Al.
Al can detect suspicious messages by reading emails and
analyzing language. It can prevent these messages and
guard the staff against viewing them. The future threats can
also be predicted with the help of Al. Through old attacks it
can alert hospitals to weak areas in their systems. This
assists hospitals to resolve issues in advance of an actual
attack.
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How is Al currently being usedin healthcare
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Figure 2: Current Uses of Artificial Intelligence in Healthcare

The above graph (see the above Figure 2) demonstrates the
current use of Al in the healthcare sector. Clinical decision
support tools (29%), that assist doctors in making more
medical choices, have the highest percentage of use. In the
second place, there are predictive analytics and risk
detection (25%), which will assist in identifying the
potential health issues at an early stage. Others are
workflow automation (23 percent), treatment advice (19

percent) and diagnosis support (16 percent). A minor
proportion (15%) make clinical documentation by Al.

This graph (Figure 2) demonstrates that Al already
performs numerous functions in healthcare. The same Al
techniques may be applied in enhancing cybersecurity.
Predictive analytics and automation can be used as an
example to identify and prevent cyber threats before they
can cause damage. See the below Table 2.

Table 2: Al Techniques Used in Cybersecurity

Al Technique

Application in Cybersecurity

Advantages

Machine Learning

Detects unusual patterns and intrusions

Learns from data and improves accuracy

Deep Learning

Finds complex threats and malware

Handles large data and detects new attacks

Natural Language Processing

Detects phishing and fake emails

Understands and analyzes human language

Reinforcement Learning

Adjusts to changing threats

Learns from feedback and improves decisions

Neural Networks

Analyzes large security data sets

Finds hidden and complex attack patterns

C. Advantages of Al Over Traditional Methods

Traditional cybersecurity systems are less intelligent and
fast than Al The old systems will usually require
individuals to verify data manually. They further respond
when an attack occurs. Artificial intelligence is capable of
operating in real-time and identifying problems before they
get critical.

Al is able to within a short time study large volume of data.
It is also able to make fewer errors than humans since it will
adhere to data patterns rather than making guesses [19].
Each new attack teaches Al, and thus, it keeps up to date. It
does not get tired or distracted; hence it is able to look at
systems every time.

Human error is also minimized by Al. A lot of cyberattacks
occur due to minor errors of individuals like clicking on a
counterfeit email. Such emails can be prevented before they
visit the user by Al. By doing so, Al is useful in ensuring
that people work safely [20].

The other benefit is that Al is capable of identifying
upcoming attacks. It does not merely solve the existing
issues but also cautions on what will transpire next. This
gives the hospitals early preparation and protection of the
systems.

D. Challenges in Using Al

Although Al is highly potent, there are issues with it. Al
requires much quality data to learn. It might cause the Al to
make incorrect decisions in case the data is not good [21].
Hackers may also attempt to interfere with the Al system
itself and deceive it.

Artificial intelligence is costly to develop and maintain.
They require talented individuals to operate them. Not
every hospital, particularly the small ones, can afford to
deploy Al because of the lack of budget and specialists [22].
Privacy and ethical issues are also present due to the
necessity of Al that requires massive amounts of sensitive
data.
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Al is now an important tool in cybersecurity. It helps
hospitals detect, stop, and prevent attacks more quickly and
more accurately. Machine Learning.

Natural Language Processing, and Deep Learning can be
used to safeguard healthcare data. Although Al presents

certain challenges, it is more secure when compared to the
traditional approaches. It assists hospitals in maintaining
patient information secure and establishing more reliable
and dependable systems in the future.

o am e

Figure 3: How Al is used to aid cybersecurity

In the above Figure 3, it shows how Al is used to aid
cybersecurity in simplified form (Beginning with data
collection, followed by data analysis, identifying threats,
generating notifications, and then acting and learning to
better the subsequent protection).

IV. APPLICATIONS OF Al INHEALTHCARE
CYBERSECURITY

A. Al in Electronic Health Record (EHR) Protection and
Access Control

All patient data are contained in Electronic Health Records
(EHRs) including medical history, testing data, and
treatment plan [23]. These records are not only extremely
important, but they are also a primary target of cyberattacks.
This data is frequently targeted by hackers in order to make
money or harm. One of the largest challenges of healthcare
cybersecurity is the protection of EHR systems.

Al is very influential in the foreboding of EHRSs. It is able
to be tracked on who is accessing patient data and the
frequency. In case the system detects ab normal access
patterns, a warning can be sent. As an illustration, when an
employee accesses excessive patient files that he or she
does not need, Al will consider it a potentially threatening
indicator.

There is access control as well, which is assisted by Al. The
traditional systems apply predetermined rules such as
passwords or 1D cards. However, Al has the potential to
make things even safer by obtaining a knowledge of how
users act [24]. It examines average time of log in, gadgets,
and place of location. In case something is suspicious, Al
may prohibit it or request additional checks.

Al is also useful in eliminating errors. Numerous data
breaches occur due to the fact that employees accidentally
press on fraudulent links or other information they can
share. Al can identify these activities and prevent them in
the real time.

To summarize, Al can ensure the security of EHR by
monitoring the actions of users, identifying suspicious
actions, and stopping the misuse of information before it
can occur. This provides hospitals with improved control
and confidence in their digital systems.

B. Al for Securing loT Medical Devices

Internet of Things (IoT) medical devices are currently
becoming common in many hospitals. They are heart
monitors, infusion pumps, and smart scanners that are
connected to the internet [25]. These gadgets provide the
healthcare with increased speed and ease, but they also
result in new security threats. They can be used by hackers

to gain access to the network of hospitals or steal
information.

Al assists in keeping these devices safe through watching
all their activities. It is able to identify a suspicious behavior
on a device. As an illustration, Al will be aware when a
monitor transmits excessive data or connects to an unknown
IP. The weak devices that require software updates can also
be detected by Al systems. The IoT devices often fail to
update on a regular basis and this makes them easy targets
[26]. Al can analyze each device and inform about the ones
which require maintenance.

The other application of Al is in the management of devices
in large numbers. One of these large hospitals may contain
thousands of 10T devices. Humans cannot check every one
of them. This can be done automatically using Al. It is able
to monitor device performance, identify failure as well as
preventing attacks before expanding.

To illustrate, in case one IoT sensor becomes infected with
malware, Al will be able to exclude it off the network. This
prevents the proliferation of the attack to other systems. 10T
Al-based protection assists hospitals in maintaining
security of patients as well as medical systems. It minimizes
chances of data theft and device malfunction which may
save lives in cases of emergency [27].

C. Threat Detection in Healthcare Networks

Healthcare networks are very complex. They are attached
to computers, 10T devices, databases and communication
systems [28]. Each of the connections can be a point of
entry of the attackers. The conventional systems are prone
to react to an attack. The internal changes involve Al
identifying threats in the initial stages.

Real time network tasks are monitored by Al systems. They
get to know what the normal behaviour looks like and learn
about patterns that seem to be abnormal. To illustrate, in the
cases when the data started to lose the network during the
odd hours, Al can announce it, consequently, a possible
case of data theft.

Al has the capacity to identify all sorts of threats such as
ransomware or phishing attack or insider attack. In
ransomware, the attackers block the hospital information
and demand money [29]. The artificial intelligence can
recognize the first signs, such as the uncharacteristic
encryption of files or the unknown software which is
running within the systems.

The second significant problem is phishing. Al can scan all
incoming emails and identify the false emails, which seek
to defraud employees. It authenticates the details of the
sender, writing style, connections to message.
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Network traffic analysis can also be performed by use of
Al. It analyses the data flow between devices. An Al will
raise an alarm whenever a new connection has been
identified or excessive data flow where it is not, are detected
[30]. The short response is what allows the hospitals to react
within a short period, limit the damage and recover within
a short period. With Al, healthcare networks will be more
secured and impervious to any attacks on both old and new.

D. Case Studies of Al Tools in Hospitals

Al tools have become standard in various hospitals
throughout the world to enhance cybersecurity. These
instances demonstrate the way Al is truly changing things.
A popular example is the Mayo Clinic in the US. It employs
Al-based security software to secure patient records and
identify threats on the network [31]. The Al will be able to
process millions of points of data each day and prevent
cyberattacks before their proliferation.

Cleveland Clinic is also another example of using Al to
monitor 10T devices. The system scans all devices that are
connected to the system, identifies weak points and
automatically blocks suspicious activities (Clinic, 2024).
This has minimized breaches of data as well as making
devices dependable.

The systems used in the United Kingdom to detect
ransomware threats are Al-based in the National Health
Service (NHS) [32]. In 2017, following a major attack
(WannaCry), smarter Al monitoring tools were introduced
by the NHS. These tools are now able to identify suspicious
behavior much earlier and prevent it before it gets into the
patient records [33].

These practical examples demonstrate that Al does not only
enhance security but also assists hospitals to save time and

money. They demonstrate that Al use in cybersecurity is
able to secure patients, as well as, data, and the entire
healthcare system.

E. Integration of Al with Cybersecurity Frameworks

Al is only effective in a comprehensive cybersecurity
infrastructure. A framework is an organized strategy that
has rules, tools and actions that are used to safeguard
systems. The frameworks applied in most hospitals include
NIST (National Institute of Standards and Technology) or
ISO/IEC 27001 (NIST, 2025).

These frameworks can be enhanced with the help of Al that
enhances risk detection and response. Indicatively, in the
NIST model, it includes five steps namely identify, protect,
detect, respond and recover. Al can help at each step. It has
the capability to detect weak points within the system,
secure data by controlling access to it, detection of attacks,
real-time response to attack summing up to preventing the
threat and learning through the experience of the event.

Al tools are also able to mingle across-systems information.
This assists in forming one image of the security health of
the hospital [34]. It enables the management to make
decisions to be made better and enhance the strategy as time
goes by.

Compliance with other healthcare regulations, including
HIPAA and GDPR, which demand is a high-security
protection of patient data, is also supported by integrating
Al. Hospitals can fulfill these standards with the help of Al,
which automates security checks and reports.

Al will become an inherent component of any cybersecurity
framework of health care in the future. It will not only
respond to attacks but also anticipate and other attacks
automatically. See the below Table 3.

Table 3: Al Applications in Healthcare Cybersecurity

Application Area Al Tool/Method Example/Outcome
EHR Protection Machine Learning for behavior monitoring Detects unusual access to patient records
loT Device Security Deep Learning and anomaly detection Finds device failures and stops attacks early
Network Threat Detection Al-based intrusion detection Blocks ransomware and phishing in real time
Hospital Case Study Al security analytics tool Used by Mayo Clinic to prevent cyberattacks
Framework Integration Al with NIST and ISO models Improves detection, response, and recovery

Due to the extensive adoption of Al, healthcare systems
have started to be more secure. It protects patient data, 10Ts
and hospital networks. There is also Al that can help
hospitals respond faster and minimal damage to the attack.
Al and machine learning, and Deep Learning, help uncover
the issues that do not even come to the mind of a person.
The real-life experience in the hospital shows that Al
improves the trust and safety. With the help of Al and strong
cybersecurity networks, healthcare organizations can
develop a safer, smarter, and one that is ready to meet the
challenges in the future.

V. CHALLENGES AND LIMITATIONS OF Al
IN HEALTHCARE CYBERSECURITY

A. Data Privacy and Security Issues

Al requires much patient information to be effective. This
information consists of medical history, test results and
names. In case this information is not secure, it may be

stolen or abused. Al systems can be attacked by hackers to
access patient data or alter the decision-making process of
Al.

The Al system might present incorrect outputs in case the
wrong information is inputted into it [35]. The hospitals
should ensure that the data is stored in a safe place and that
it is accessed by the right people. They also have to comply
with such data laws as HIPAA and GDPR.

The privacy of the data is highly significant in healthcare.
Hospitals have their data which is kept confidential by
patients. Should it leak some data, it will be detrimental to
the patients and the name of the hospital.

B. Lack of Large and Good-Quality Data

Al learns from data. The better connected it is to the data
the higher the performance. However, in healthcare, big and
clean data are difficult to locate. Various hospitals store
information in various systems. The information can be
incomplete or it can contain errors. Due to privacy
regulations, hospitals are not very willing to share patient
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information. This complicates the learning of Al [36].
Unless Al can get sufficient good data, it cannot discover
novel or concealed cyber threats.

The solution to this issue is collaborative work by hospitals.
They may resort to such measures as federated learning
whereby Al learns many locations without the physical
shifting of the actual data. This will assist in ensuring
privacy and at the same time allow Al to become stronger.

C. Adversarial Attacks on Al

The Al system is also vulnerable to attacks by hackers.
These are referred to as adversarial attacks. In such attacks,
the hackers include minor modifications in the data in order
to disorient Al [37]. The slightest variation can lead to
erroneous Al results.

As an instance, there are fake emails that can be written by
hackers. There is a chance that the Al will fail to notice the
minor difference and assume that the email is safe. Such a
trick may make Al overlook actual threats.

Such attacks are quite harmful as this is the primary section
of the security system that is being attacked. Hackers can
penetrate into the network easily in case Al is duped. To
avoid this, the hospitals should test Al frequently and train
it on numerous fake attacks. This makes Al more powerful
and intelligent toward tricks.

D. High Cost and Technology Problems

Al requires good computers, high-speed internet, and large
storage. These are very expensive things. A large number
of small hospitals are not able to afford them. The Al also
requires trained personnel to handle it. These professionals
are costly and difficult to locate [38]. The Al system might
not be effective, or it can remain ineffective without
talented individuals.

Software update and maintenance are also cost to the
hospitals. These costs keep adding up. Other hospitals have
cloud-based Al to save monies, yet that may also result in
privacy threats. Therefore, the price and the safety are
difficult to balance.

E. Ethical and Legal Problems

Many ethical and legal issues are also associated with Al.
One big issue is bias. In case the data utilized to train Al is
skewed, Al will yield unjust or incorrect judgements [39].
As an example, Al can learn using data of a single hospital
but not another hospital.

The other issue is responsibility. Whenever the Al commits
an error, it is not easy to determine who is to be blamed
whether it is the hospital, the Al company, or the user. This
can cause legal trouble.

The hospitals should ensure that Al is never beyond the
control of men. Al should not decide all the decisions made
by humans. The Al systems must also be transparent and
simple to comprehend since individuals understand how
they arrive at decisions.

The other problem is ownership of data. The question of
who owns the patient data whether it is the hospital, the
patient or the Al company is not always obvious. This
problem should be solved with clear laws. New regulations
should also be enacted by governments to ensure the use of
Al is fair, safe and legal.

The use of Al can be used to make healthcare safer, yet it is
full of issues. Data privacy is a big risk. Large and clean
data is also difficult to obtain with Al. Al systems can be
hacked by attackers that will provide incorrect results. Al is

as well costly to develop and maintain. Ethical as well as
legal concerns are numerous. The hospitals have to rectify
such issues with the help of superior rules, safe data systems
and robust testing. Al, under no circumstances, should work
on its own without human professionals. With proper usage,
Al may be a secure and intelligent means of cybersecurity
in healthcare.

VI. FUTURE DIRECTIONS AND
RECOMMENDATIONS

A. Emerging Al
Cybersecurity
Al technology is growing at a fast rate. In the future, Al
methods will be created and will allow the healthcare
cybersecurity to be smarter and stronger. Federated
Learning is among these new fields. It allows the majority
of hospitals to train Al with each other without disclosing
real-life patient data. This is advantageous to maintain
privacy and it gives Al more ability to learn.
Another new trend is explainable Al (XAl). This form of Al
will be able to show how it makes its decisions [40]. The
purpose of it is to inform the doctors and IT personnel about
the need of why the Al identified a danger or avoided an
action. This will create more confidence in Al systems and
make them easier.
The other method that is winning popularity is
Reinforcement Learning. It allows Al to become
knowledgeable about past experiences and be rewarded in
the positive activity [41]. To give an example, an Al will be
trained to block a phishing attack in the future, in the
instance where it will correctly block it.
In addition, automation based on Al will play a key role. It
will help the hospitals to react to attacks faster. The Al is
capable of automatically responding to threats when it
identifies a threat, such as blocking the attacker or isolating
the infected system.
Artificial intelligence devices will become more advanced
and interconnected with other digital systems in the future.
This will facilitate patient information security and make
healthcare networks safe.

Techniques  for  Healthcare

B. Better Integration and Adoption Strategies

Al is effective when it is integrated into a wholesome
security system. Hospitals should strategize to make good
use of Al. They ought to integrate Al with other
cybersecurity systems and ensure that all systems are
capable of working [42].

They should also prepare hospitals to make their staff use
Al systems. There are numerous cyberattacks that occur due
to human error. When employees know the functionality of
Al tools, they will be able to use it in a more efficient way
and eliminate dangerous activities.

It is also necessary to communicate well between IT
specialists and the health care personnel. The two groups
will have to collaborate to digest threats and resolve issues
promptly. Starting with small Al projects should be
considered in the hospitals. Having learned about them,
they will be able to introduce additional Al tools gradually.
The slow and safe adoption allows easier adjustment of
hospitals.

The Al systems are also to be updated periodically. Cyber
threats are evolving continuously and Al has to continue
learning with new information. Hospitals can be prepared
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to face new forms of attacks by regularly updating their
systems.

C. Policy and Regulatory Improvements

Governments and health authorities should come up with
more powerful laws and definite regulations to use Al in
cybersecurity. These regulations should state how hospitals
can adopt Al safely and at the same time safeguard the
privacy of patients.

Hospitals should also be able to share Al training data
without violating privacy laws with the aid of new policies.
As an illustration, the governments can help create safe
data-sharing sites where hospitals can collaborate safely.
There are also rigorous regulations that Al firms should
adhere to regarding the collection and storage of patient
information. They are expected to be open and clarify the
operations of their Al models. Hospitals that would like to
use Al but lack sufficient financial resources and technical
expertise could also receive government support. They are
able to provide training, grants or shared cloud services to
facilitate the use of Al [43].

Lastly, it should be cooperative globally. The cyber threats
tend to transcend national borders and thus, countries need
to exchange knowledge and collaborate to have stronger
security systems.

D. Research and Innovation Opportunities

More research is still required in many areas. Researchers
and colleges ought to examine ways in which Al can be
used to find new forms of cyber threats earlier. They are
also able to do the development of Al models that require
less data to train and still perform effectively [44].

The other field of research is to ensure that Al is more
resistant to adversarial attacks. There is the creation of new
techniques that will make Al smarter and difficult to
deceive.

Ethical Al design is another area that should be targeted by
researchers. This would involve creating Al which was fair,
honest and respected privacy. Research centers and
hospitals can collaborate in order to develop clear ethical
standards of Al safe use.

Other emerging technologies such as Blockchain could be
also connected with Al. Blockchain is able to document all
the activities in a secure and immutable manner. Patient
data can be even more secure when implemented with the
help of Al [45][46].

Low-cost artificial intelligence also requires innovation.
Most developing countries have a lot of hospitals that are

unable to afford expensive systems. Development of
affordable Al based cybersecurity tools can be used to
safeguard healthcare not only in wealthy countries.

E. Recommendations

Al tools should be applied to identify cyber threats in a
timely manner and track the systems of hospitals at all
times. They will have to educate all employees regarding
cybersecurity and safe usage of Al. Also, one should ensure
that all the systems are always updated and backed up to
avoid data loss. To maintain trust and safety, hospitals
should adhere to the privacy laws when managing patient
data. They are also expected to collaborate with
governments and research organizations to exchange
information in safe and secure means that can enable them
to enhance Al models and cybersecurity systems [47].
Strong policies regarding the use of Al and cybersecurity in
healthcare should be clear and made by governments. They
have the capability of assisting the hospitals financially,
through technical assistance as well as training. Strong laws
should also be established by governments to ensure
sensitive data are not misused. Moreover, they are able to
promote safe and useful innovation by investing in research
studies that aim at developing Al to secure healthcare
systems.

Researchers are significant in making Al enhance
cybersecurity. They ought to create Al models which are
safer, more equitable and comprehendible. Scientists will
also have to research how to ensure the protection of Al
systems against attacks by hackers and seek alternative
ways to make Al more resistant to cyber attacks.
Developing Al systems that are energy efficient and
affordable to buy is another important objective on which
the focus is made to enable even small hospitals and clinics
to easily have them. Hospitals, governments, and
researchers can cooperate to create a more secure digital
future of healthcare.

The future of Al in medical cybersecurity is bright. The
systems will become smarter and safer with new
technologies such as Federated Learning, Explainable Al,
and Blockchain. The existing issues will be resolved by
powerful laws, improved training, and increased research.
Al will not supersede the human being but will collaborate
with them to ensure that healthcare becomes safer. Through
proper planning, free cooperation, and equitable usage, Al
will save hospitals, preserve patient information, and help
establish trust in electronic medical systems [48].

Artificial intelligence (Al) in healthcare market size
worldwide from 2021 to 2030
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Al is set to expand at a very fast rate in the nearest future,
particularly in the healthcare sector. Figure 4 demonstrates
that the market size of artificial intelligence in the
healthcare sector in the world will continue to increase
drastically between 2021 and 2030. The market is currently
worth 20.65 billion, and it is expected to grow to
approximately 187.95 billion by 2030. Such massive
growth indicates that Al is becoming an important
component of the contemporary healthcare systems.
Machine learning, predictive analytics, and automation are
all technologies that are used to enhance the diagnosis of
the disease, treatment planning, patient monitoring, and
overall healthcare delivery. The consistent increasing
movement shows that Al will remain a crucial component
in transforming healthcare into a more sophisticated,
precise, and available one on a global level [49].

VII. CONCLUSION

The paper has defined the role of Artificial Intelligence (Al)
in enhancing cybersecurity in healthcare. It demonstrated
the role of Al in hospitals to secure patient records, identify
cyberattacks and ensure the security of their systems.
Electronic health records, medical devices, and preventing
hackers are all guarded by Al. Through such technologies
as machine learning and deep learning, Al can identify
issues more quickly and more precisely than the previous
approaches to security.

Healthcare cybersecurity has many benefits brought by Al.
It is able to monitor systems 24/7 and locate unusual
activities possibly of cyberattack. It also assists in
minimizing the human errors and responds promptly to a
threat even in case it occurs. Over time, Al will be able to
learn how to attack and get more intelligent. The reason
why many hospitals are using Al is that Al keeps their data
secure and generates more trust among patients and
employees.

Nevertheless, there are certain giant issues. Among them,
data privacy is one of the major concerns. Al requires much
information to be trained, and patient data sharing is not
always safe. Other hospitals do not possess sufficient high-
quality data to train Al systems as well. The systems can
become weak through special attacks by hackers who will
attempt to confuse Al. The price of using Al is also a big
one, and not all hospitals possess a sufficient number of
skilled individuals and powerful technology. The questions
concerning the ethical and legal implications of Al data
usage also exist.

The future is bright despite these issues. The healthcare
systems can be safer and more open with the help of new
types of Al such as Federated Learning, Explainable Al,
and Blockchain. Such tools will be useful to secure data
without violating privacy regulations. To ensure safe use of
Al, hospitals, governments and researchers need to
collaborate to make rules transparent, provide training and
help their employees.

Concisely, Al plays a major part in healthcare cybersecurity
in the future. It will be able to prevent attacks, safeguard
patient information, and strengthen systems. Alexa
intelligence will secure health care and be prepared to new
challenges in cyber-crime when well planned, used fairly,
and collaboratively.
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