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ABSTRACT 

Recent advancements in Artificial Intelligence (AI) have created considerable prospects for disruptive 

changes in various fields, including healthcare. As one of the largest contributors to government 

expenditures, the healthcare sector stands to benefit greatly from AI-driven business models that can 

enhance its efficiency in both quantity and quality. These benefits include improving decision-making 

capabilities, optimizing patient outcomes, and redefining medical roles. This paper explores the 

anticipated transition brought about by AI in healthcare, examines the challenges associated with this 

shift, and proposes strategies to overcome them. 
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القوة التحويلية للذكاء الاصطناعي في الرعاية الصحية
 2عبد المجيد حسين محمد، 1الحرمين محمد الحرمين 

 ليبيا ،طرابلس،  جامعة طرابلس، كلية تقنية المعلومات ،  قسم هندسة البرمجيات 1
 الجامعة الليبية الدولية، بنغازي، ليبيا.2

ملخــــــــــــــــص البحــــــــــــــــــث 
ا واسددددددددددددددعددة  حدددات تغييرات جوهر ددة جا م ال   (AI) أحددد ددت الاتواات اة ير  جا مجدداا الددطكددا  ا  ددددددددددددددتندداعا آجدداقددا

المجددا ت امددا جا قلدد  قتدداة الرعددا ددة الاددددددددددددددحيددة. وادداعابدداا  أحددد أابر مجددا ت ا   ددا  الح وما،  م ن لقتدداة الرعددا ددة  
الادددحية أس  سدددا يد ايددد   كبير من  ماقا اةعماا المعامد  علا الطكا  ا  دددتناعا، والاا تع ز ك ا تم من حي  ال م 
والنوة. وتيددددددددددددددم  هط  ال وا د تحسددددددددددددددين قداات ات اق القراا، وتحسددددددددددددددين  اا   المر ددددددددددددددا، و عا   تعر   اة واا التبية. 

ا  ا  دددتناعا جا مجاا الرعا ة الادددحية، كما تناقد الاحد ات  تسددداعرذ هط  الواقة الاحوا الماوقل الطي سددديحد م الطك
الذكاء الاصطناعي، التعلم الآلي، جيل الذكاء الاصطناعي، الرعاية الصحية  ة:لادالكلمات ال.المرتبتة بهطا الاحوا، وتقارح اساراتيجيات للاغلب عليها

1. INTRODUCTION

Artificial intelligence (AI) has emerged as a

transformative technology across various

sectors, and healthcare is no exception. This

paper explores the impact of AI on the 

healthcare sector, examining how this 

technology is revolutionizing the sector from 
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streamlining administrative tasks to enhancing 

drug discovery. 

This main objective of the paper is to provide a 

comprehensive overview of the transformative 

potential of AI in healthcare, highlighting its 

benefits while acknowledging the associated 

challenges. By understanding the current state of 

AI in healthcare and addressing critical issues, 

we can harness its power to create a more 

efficient, equitable, and effective healthcare 

system for all. 

This paper is organized as follows: it begins with 

an introduction to AI, outlining its core 

principles and outlines a classification of its 

technologies. It also introduces a simplified 

framework to understand the different layers of 

AI technology—comprising the infrastructure, 

model, and application layers—which explains 

how AI systems are designed and applied. The 

paper then examines specific applications of AI 

in healthcare, focusing on four key areas: AI-

assisted diagnosis, disease prediction, drug 

development, and medical education. Finally, it 

addresses critical challenges associated with AI 

in healthcare, including issues of data privacy, 

bias, and ethical considerations, which are 

crucial for responsible implementation.. 

2. ARTIFICIAL INTELLIGENCE

Artificial Intelligence (AI) is a subfield of

Computer Science which is concerned with the

development of algorithms, models, and

applications that enable computers to exhibit

intelligent behavior. The term "Artificial

Intelligence" was coined in 1956 during the

Dartmouth Conference by professors John

McCarthy, Marvin Minsky, Nathaniel

Rochester, and Claude Shannon [1]. Since its

inception, artificial intelligence has witnessed

several setbacks due to the great complexity

associated with designing and implementing

intelligent systems. However, recent

developments in this field have highlighted the

high capabilities that this technology will create

in various fields, which represents a paradigm

shift in the nature of information systems.

AI’s rapid development and integration into 

various industries have fundamentally 

transformed operations, decision-making, and 

innovation. These capabilities are driven by 

advancements in computing technologies such 

as machine learning, deep learning, and big data 

analytics, which has unlocked new possibilities 

across sectors including healthcare, finance, 

manufacturing, education, transportation, and 

retail [2]. 

• AI Technologies classification

AI is an umbrella that encompasses various 

technologies, among them Machine Learning 

(ML), which is concerned about creating 

algorithms that enable systems to identify 

patterns and make decisions based on data, 

without explicit programming. 

Fig 1.  AI technologies classification. 

Within ML we have Deep Learning (DL). DL 

uses artificial neural networks, inspired by the 

human brain, to process and learn patterns from 

large amounts of data. These networks consist of 

multiple layers of connected nodes, with each layer 

breaking down complex problems into smaller, 

manageable steps. For instance, in recognizing a 

cat in a photo, a deep learning model first 

identifies basic features like edges and colors, 

then combines them into shapes like ears or 

eyes, and finally integrates everything to 

recognize the full image. The "deep" aspect 

refers to the many layers in the network that 

progressively refine the learning process.  

Generative AI represents a focused application 

of DL, designed to create new, contextually 

appropriate content. Technologies like GPT 
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(Generative Pre-trained Transformer) generate 

text that closely mimics human language, while 

other models produce visual art, music, or even 

complex simulations. Generative AI relies on 

advanced frameworks, such as transformers, 

trained on extensive datasets to capture and 

reproduce detailed structures and patterns. This 

innovation is transforming industries by 

automating content creation, enhancing virtual 

environments, and personalizing user 

experiences [3]. From this we can see that AI 

serves as the foundational framework, ML 

builds upon it through data-centric 

methodologies, DL advances it further with 

neural architectures, and Generative AI applies 

these tools to creative and generative functions. 

Together, these technologies form a dynamic 

ecosystem, driving transformative progress 

across numerous fields. 

3. AI IN HEALTHCARE

As for many other sectors, AI is revolutionizing

the healthcare sector in many ways. For

instance, machine learning algorithms can

analyze medical images and detect diseases like

cancer with high accuracy. AI-powered tools

can enhance decision-making and automate

administrative tasks. These tools, and other AI-

enabled tools, can improve healthcare

efficiency and enhance patient outcomes.

Fig 2. FDA approved AI-Enabled products (Jan 2025). 

The American Food and Drugs Authority 

(FDA) database shows that more than 1000 AI 

devices have already been approved and many 

more in the process of approval. This indicates 

the huge investment in this area. Figure 2 shows 

the classification of the FDA approved AI-

enabled products. 

The data reveals the distribution of FDA-

approved AI-enabled medical devices across 

various medical specialties. The top five device 

types are as follows:  

Radiology (76.48%): Radiology devices 

dominate the approvals, comprising over three-

quarters of all AI-enabled medical devices. 

These devices are primarily used for image 

analysis and diagnostics.  

1. Cardiovascular (10.14%): Cardiovascular

devices represent the second-largest

category, focusing on heart-related

diagnostics and monitoring.

2. Neurology (4.04%): Neurology devices,

ranked third, assist in diagnosing and

managing neurological disorders.

3. Hematology (1.68%): Hematology devices,

tied with anesthesiology, support blood-

related diagnostics and analysis.

4. Anesthesiology (1.68%): Anesthesiology

devices facilitate monitoring and

management during surgical procedures.

These five categories collectively account for 

93.02% of all approved AI-enabled medical 

devices. The remaining device types, including 

gastroenterology-urology, orthopedic, and 

others, contribute smaller shares, highlighting 

the concentration of AI adoption in imaging and 

diagnostics-heavy fields. 

4. AI IN HEALTHCARE USECASES

While it is outside the scope of this paper to 

review all use cases of AI in healthcare and 

medicine, we will focus on the following five 

areas: 

• AI-Enabled Diagnosis

One of the most significant strengths of AI in 

healthcare lies in its ability to enhance disease 

diagnosis and treatment. AI algorithms, 

particularly deep learning models like 

convolutional neural networks (CNNs), excel at 
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analyzing complex medical images. These 

models can analyze vast datasets of images, 

such as X-rays, MRIs, and CT scans, to identify 

subtle patterns and anomalies that may be 

missed by the human eye [4].    

For instance, convolutional neural networks 

(CNNs) can be trained to recognize early 

indications of cancer in mammograms or detect 

possible heart issues in electrocardiograms 

(ECGs). This enables earlier diagnosis and 

timely medical intervention, greatly enhancing 

patient outcomes. However, it is important to 

view AI as a supportive tool for healthcare 

professionals rather than a replacement. While 

AI algorithms can offer valuable insights and 

assistance, final decisions about diagnosis and 

treatment should always rest with qualified 

medical experts.Disease Prediction     

Beyond analyzing medical images, AI, 

particularly machine learning models, is 

extensively applied in prediction systems. By 

assessing a combination of genetic information, 

medical history, lifestyle habits, and real-time 

data from wearable devices, AI systems can 

predict how individuals might respond to 

different treatments [5]. This enables doctors to 

develop treatment plans that are specific to each 

patient, enhancing effectiveness and 

minimizing side effects. For example, AI 

models can estimate the risk of developing type 

2 diabetes by analyzing factors such as age, 

weight, family history, and lifestyle choices. 

Early detection allows healthcare providers to 

take proactive measures, such as recommending 

lifestyle changes, prescribing preventive 

medications, and closely tracking the patient's 

health. 

Predictive and preventive AI models hold 

significant promise in reducing the prevalence 

of chronic diseases, improving overall public 

health, and lowering healthcare expenses. 

• Drug Discovery

AI is accelerating progress in medical research 

and drug development through several key 

advancements. One major contribution is its 

ability to streamline the identification of 

potential drug candidates. By processing 

extensive datasets on molecular structures, 

biological pathways, and disease mechanisms, 

AI algorithms can identify promising drug 

targets and predict their effectiveness. This 

approach can significantly reduce the time and 

expense involved in traditional drug discovery 

methods, which often rely on lengthy and costly 

laboratory experiments [6]. 

In addition, AI is transforming clinical trials. By 

analyzing patients’ historical information, AI 

systems can select the most appropriate 

participants for trials, ensuring efficiency and 

reliability in the results.  

• Medical Education

AI is not only influencing patient care and 

research but also reshaping medical education. 

AI-driven tools offer personalized learning 

experiences for medical students, adapting to 

their unique learning preferences and delivering 

tailored feedback. For instance, AI-based tutors 

can simulate patient interactions, allowing 

students to practice clinical skills in a safe and 

controlled setting. These virtual systems, 

trained on extensive datasets covering diverse 

symptoms, can respond realistically to student 

actions, creating valuable hands-on learning 

opportunities [7]. Additionally, AI-powered 

chatbots provide patients with round-the-clock 

access to medical information and assistance. 

These chatbots can answer basic questions, send 

appointment reminders, and offer preliminary 

triage advice. This enhances patient satisfaction 

while alleviating the workload on healthcare 

systems [8]. 

5. MAIN CHALLENGES FOR AI IN

HEALTHCARE

• AI Models Accuracy and Reliability

There has been a tremendous growth in medical 

data that is regularly collected at clinical centers 

across the world [9]. This data represents the 

learning pool for machine learning algorithms 
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used to construct the backbone of medical AI 

informatics in the form of dedicated LLMs. For 

this reason, model reliability has become one of 

the concerns of medical professionals. Model 

reliability in a clinical setting involves accuracy 

of the system, relevance for clinical translation, 

ethical fairness in its decision and expert/patient 

trust or acceptance of these systems [10] 

• Data Privacy and Security

In terms of data privacy, Safeguarding patient 

privacy and implementing stringent data 

protection measures are crucial to maintaining 

patient trust and confidentiality [11]. As any 

domain data becomes an asset and 

commercially exploitable in other businesses, 

patients’ data can be exploited commercially 

without their permission. However, this can be 

prevented by the appropriate legislative 

framework on patient data privacy. In relation 

to data security, the technical infrastructure of 

AI systems is very complex, and is often subject 

to technical vulnerabilities that would lead to 

potential cyberattacks. These attacks might 

jeopardize patient data and disrupt the whole 

healthcare operations. Nonetheless, data 

security issues are not limited to AI systems, it 

is extended all information systems, including 

security-critical systems. But there are many 

advanced data security protection methods that 

can be relied upon. Though, they may conflict 

slightly with the ethical requirements of AI-

driven healthcare in terms of protecting the 

privacy of patient data.  This can be tackled by 

properly balancing the privacy of patients with 

the safety and effectiveness of AI-supported 

healthcare. 

• Bias and Fairness in Datasets

One of the key challenges related to the 

behavior of AI systems is possible algorithmic 

bias. It resulted from the algorithmic processes 

that are used to automate or assist decision 

making about people which may produce 

discriminatory results that violate the norms of 

justice and equality and that adversely impact 

particular people or communities in the 

workplace or society [12]. These biases may 

originate from various sources, specifically 

data, method and societal factors [13]. 

Algorithmic bias may contribute to issuing 

incorrect or biased diagnoses. In terms of data, 

as part of its construction, AI models have been 

trained on historical data, which may contain 

biases that can lead to perpetuating 

discrimination against certain groups of 

patients. This can lead to inequality in access to 

healthcare services. and damage to the 

reputation of healthcare providers. 

• Trust and Acceptance

One of the biggest challenges with AI-

supported healthcare is the level of trust in 

autonomous medical systems to facilitate the 

implementation of medical technology in 

practice. Because the decision-making process 

in intelligent systems is inherently complex. 

This entails doubts and lack of trust in the 

effectiveness of some of the decisions generated 

by these systems. The decision-making process 

in intelligent systems is highly complex. This 

raises concerns and a lack of trust in the 

effectiveness of some of the decisions made by 

these systems. This includes diagnoses and 

treatments as well as administrative decisions in 

the healthcare sector. Hence, healthcare 

professionals often remain hesitant to adopt and 

integrate AI into their practice. This necessitates 

seeking ways to enhance the confidence of 

healthcare workers as well as patients in 

intelligent systems. But, since diagnostic 

decisions are the most critical, some 

recommend adopting clinician-machine 

teaming in critical decision-making healthcare 

environments [14]. 

• Regulatory and Ethical Concerns

The responsible handling of extensive clinical 

data introduces significant legal and ethical 

complexities, particularly concerning highly 

sensitive information within the healthcare 

sector [15]. This entails legal obligations to 

protect patient data privacy and security upon 

healthcare organizations and developers of AI 
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systems. There are many ethical and legal 

challenges of AI-driven healthcare. This 

includes (a) informed consent to use, (b) safety 

and transparency, (c) algorithmic fairness and 

biases, and (d) data privacy [16]. Informed 

consent is one of the most urgent issues in 

integrating AI into healthcare. Because patients 

may not fully comprehend how AI systems 

works or their limits, this may make it difficult 

for patients to make informed decisions about 

whether or not they consent to the use of AI in 

their treatment. The formulation of explicit 

ethical principles and governance structures for 

AI-supported healthcare can help to alleviate 

ethical problems. These frameworks can protect 

privacy while encouraging justice and 

accountability. The European Parliament's EU 

AI Act is a pioneering initiative in this regard. 

This Act is the world’s first comprehensive 

regulatory framework to regulate AI technology 

on a worldwide scale [17]. The Act incorporates 

a comprehensive risk-based taxonomy for 

categorizing AI systems according to their 

possible impact. 

6. CONCLUSIONS

The integration of AI into healthcare is still in 
its early stages, but its potential is immense. As 
AI technology continues to evolve, we can 
expect to see even more significant 
advancements in disease diagnosis, treatment, 
prevention, and research. 

However, it is crucial to approach the 
integration of AI into healthcare with caution 
and consideration. It is essential to ensure that 
AI systems are developed and deployed 
ethically, addressing concerns regarding data 
privacy, bias, and algorithmic fairness. 

By harnessing the power of AI responsibly, we 
can create a future where healthcare is more 
accessible, affordable, and effective for all. 
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