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Abstract: Artificial Intelligence (Al) is becoming an essential tool in modern healthcare, offering intelligent solutions that assist in
learning, predicting outcomes, and decision-making. Its integration spans a wide range of applications, including enhancing drug
development, improving the design and efficiency of clinical trials, and providing more personalized patient care. This paper
explores how Al contributes to transforming these three major domains. The findings highlight that Al accelerates drug discovery
by narrowing down potential compounds and predicting their effectiveness. In clinical research, it improves trial success by
analyzing complex datasets and identifying key patterns. For patient management, Al enables proactive health monitoring and
tailored treatment plans, ultimately leading to better healthcare experiences.
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l. INTRODUCTION

The healthcare sector is facing mounting pressure due to increasing patient demands, high treatment costs, and a shortage of skilled
professionals. Consequently, digital tools are being embraced to provide more intelligent, efficient, and economical solutions.
Among the most promising technologies is Artificial Intelligence (Al), which is being used to transform traditional medical
practices.

Healthcare systems globally are grappling with numerous challenges, including limited accessibility, escalating costs,
inefficiencies, and aging populations. The outbreak of pandemics such as COVID-19 has intensified these issues, exposing
weaknesses like shortages of personal protective equipment, unreliable diagnostic testing, overwhelmed healthcare staff, and poor
data-sharing mechanisms (Greenberg et al., 2020; Pavli et al., 2021). Major health emergencies, including the COVID-19 pandemic
and the HIV/AIDS crisis of the 1980s, have highlighted the systemic vulnerabilities in healthcare infrastructure. These crises not
only worsen pre-existing problems but also underline the urgent need to rethink and revamp care delivery models and administrative
support systems. Key concerns include unequal access to healthcare, a lack of timely medical services, rising treatment costs,
insufficient pricing transparency, and the slow pace of technological integration (Maphumulo & Bhengu, 2019). Furthermore, the
overwhelming volume of medical data makes it difficult for practitioners to stay current with advancements, contributing
significantly to professional burnout.

While addressing these challenges, it's important to recognize their interconnected nature, which contributes to the perception
that healthcare is inherently complex. Although delivering high-quality healthcare is indeed a demanding task, it is possible to
design systems that minimize unnecessary complexity, leading to more effective care delivery and inclusivity. Artificial Intelligence
(Al) holds significant promise as a key driver in simplifying healthcare processes and building intelligent, adaptive care systems.
The COVID-19 pandemic has illustrated Al’s versatility, demonstrating its usefulness in areas such as diagnostic support, treatment
planning, contact tracing, and the integration of Al-powered tools across healthcare operations (van der Schaar et al., 2021;
Habermann, 2021; Vaishya et al., 2020).

Physicians typically acquire expertise through hands-on experience, with both successes and setbacks contributing to the
evolving standards of care and clinical best practices. Along with working with peers, reviewing medical research, and being
exposed to items marketed by pharmaceutical and medical device businesses, they also gain expertise from direct patient contacts.
Regretfully, errors committed during this learning process are frequently not corrected until they have a negative impact on the
patient result (Watson & McNeill, 2002). Doctors, like everyone else, are impacted by the intrinsic limitations of the brain in humans
and its learning mechanisms, and this learning approach represents the fundamental tendencies of human cognition.

The challenge resides in the reality that healthcare providers often rely on personal, anecdotal experiences, which can
introduce bias and limitations in clinical decision-making (Ross et al., 2009). For instance, some doctors may become convinced of
a diagnosis or treatment's effectiveness based on individual experience, even when it contradicts large-scale clinical evidence
orwell-documented studies involving thousands of patients (McNeill & Walton, 2002; Shaheen, 2021a). In some cases, clinicians
may simply be unaware of newer, more effective diagnostic tools or alternatives for therapy that have developed from recent
research. Additionally, the current healthcare system pressures providers to prioritize patient volume in order to maximize
reimbursement, leaving little time for secondary care tasks or staying updated with medical innovations. However, with the
advancement of digital tools, doctors now have real-time access to insights and evidence-based practices drawn from extensive
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patient cohorts—without needing to wait for these practices to be officially incorporated into national guidelines (Ting et al., 2018).
Artificial Intelligence can further accelerate this process, enabling faster and broader application of best practices than would be
possible by individual physicians or institutions alone (Holzinger et al., 2017).

Historically, healthcare professionals have relied on the collective findings of numerous clinical trials, insights from various
patient care pathways, and the shared experience of countless other clinicians—resources that weren't always easily accessible in
real time. This gap highlights the growing need for advanced technology, particularly artificial intelligence (Al), to support decision-
making in medicine. As human beings, clinicians are inherently prone to both psychological and cultural biases. However, by
integrating Al as a supportive tool within the clinical knowledge framework, these biases can be significantly minimized or even
eliminated.

Il.  Applications of Al in Healthcare
Some examples of medical artificial intelligence applications used in the healthcare sector include the following:

A. Al in Drug Discovery

In the medical field, artificial intelligence has expedited the drug discovery process for pharmaceutical companies. Additionally, Al
plays a significant role in automating the recognition of potential drug targets. Furthermore, by analyzing off-target compounds, Al
facilitates the repurposing of existing drugs, contributing to more efficient treatment development (Diaz et al., 2019). This use of
Al in healthcare streamlines drug discovery, reducing redundancy and improving overall efficiency (Chan et al., 2019).

Leading companies in biopharmaceuticals have discovered various innovative treatments through collaboration with Al
technology. Pfizer is leveraging IBM Watson is a technology that makes advantage of machine learning to assist in identifying
potential immuno-oncology therapies (P. Agrawal, 2018). Sanofi currently partnered with Exscientia's Al platform to explore new
treatments for metabolic diseases, while Genentech, a subsidiary of Rocheis, is utilizing an artificial intelligence system from
Cambridge, Massachusetts-based GNS Healthcare to support its cancer research efforts. Many major biopharmaceutical companies
are engaging in similar partnerships or developing their own internal Al programs for drug discovery.

The advocates of these strategies artificial intelligence and machine learning will result in in a new era of drug development,
making the process faster, more cost-effective, and more efficient. While some remain doubtful, most experts concur that these
technologies will become more and more significant in the future. This change offers opportunities as well as obstacles for
researchers, particularly when these techniques are combined with automation (Chan et al., 2019).

B. Clinical trials using Al

A clinical trial involves administering newly developed treatments to individuals to assess their effectiveness. Historically, this
process has been time-consuming and costly, with a relatively low success rate. However, the automation of clinical trials has
proven to be an asset to both Healthcare and Al industry. In addition, Al in healthcare helps streamline the monitoring of data,
eliminating labor-intensive tasks. Al-assisted clinical trials are also capable of handling large volumes of data, resulting in highly
accurate outcomes. Below are among the most common Al applications in healthcare for clinical trials:

1. Clinical trials with intelligence
Traditional "linear and sequential” clinical trials continue to be the benchmark for assessing the safety and effectiveness of new
medications. The established, well-defined stages of randomized controlled trials (RCTs) were initially designed to evaluate mass-
market pharmaceuticals and have mostly not changed in decades. However, Artificial intelligence holds promise for improving
clinical development outcomes, increasing productivity, and shortening the duration of clinical trials. The third report in a series
discussing the impact of Al on the biopharma value chain (Lee, 2021; Angus, 2020). In recent years, biopharma companies have
gained access to an increasing amount of scientific and research data from various sources, known as real-world data (RWD).
Despite this, many have struggled with the expertise and tools required to fully leverage this information. By applying predictive
Al models and advanced analytics to RWD, researchers can find important investigators, appropriate patients, and deeper insights
into diseases., and enable innovative clinical trial designs.

With the support of an effective digital infrastructure, Al algorithms can be used to cleanse, aggregate, code, store, and manage
clinical trial data. Additionally, enhanced electronic data capture (EDC) systems can minimize human errors in data collection while
facilitating seamless integration across systems.

2. Clinical Trial Cooperation and model sharing

Experts across various scientific fields are working together at an unprecedented pace to contribute to the global response to
COVID-

19. For Al tools to make a significant global impact, there is a need for scalable approaches to sharing data, models, and code,
along with the flexibility to adapt these applications to local contexts and promote international cooperation (Luengo-Oroz et al.,
2020).

Al applications rely heavily on access to data. Currently, numerous COVID-19-related data-sharing initiatives exist at global,
local and national levels. These efforts involve a variety of information, including genetic sequences, genomic data, protein
structures, clinical records, medical images, epidemiological statistics, mobility data, social media posts, news articles, and scientific
publications. However, the fragmentation of these initiatives poses a challenge, as progress may become confined to isolated
projects or specific groups.Open science, supported by collaborative Al efforts involving multiple stakeholders across countries,
can enhance the flow of information and strengthen the capabilities of national health systems (Shaheen, 2021b). A good example
is the Epidemic Intelligence from Open Sources (EIOS) network, which leverages open-source information to detect, verify, and
assess public health threats at an early stage (Sucharitha & Chary, 2021). This health intelligence network includes governments,
global organizations, and research institutions working together to monitor and share real-time data on disease outbreaks,
emphasizing cooperation over competition. Epidemiologists suggest that harmonizing global standards and ensuring interoperability
of databases can enable coordinated responses and informed decisions across different levels—from global to local. As the pandemic
evolves, understanding the epidemiological patterns and risk factors across various groups will require consideration of healthcare
capacity, public health interventions, environmental conditions, and the broader social impact of COVID-19 (Sucharitha & Chary,
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Beyond data exchange, there are still limited initiatives focused on distributing trained Al models for proposed applications.
Several challenges need to be addressed, including specialized computational and design requirements, inadequate documentation,
concerns about model verification and transparency, and legal issues related to privacy and intellectual property. Distributing pre-
trained and validated Al models could enable quicker adaptation of solutions across various contexts. Examples of these models
comprise individuals who look for sickness in medical imagery detection, predict patient outcomes, identify misinformation trends
on social media, and generate knowledge graphs from extensive scientific literature (Luengo-Oroz et al., 2020; Shaheen, 2021a;
Harrer et al., 2019).

C. Patient Care

Artificial intelligence plays a key role in shaping patient outcomes within the healthcare sector. Companies specializing in medical
Al are developing systems designed to support patients throughout every stage of their care journey. Clinical intelligence tools, in
particular, examine patient medical records to provide meaningful insights that contribute to improved health and quality of life.
Below are some notable clinical intelligence platforms that contribute to enhancing patient care.

1. Maternal Care
A promising approach to reducing maternal mortality and complications after childbirth involves the use of Al and digital tools to
identify high-risk pregnancies.
a) One method is leveraging computerized medical records in addition to artificial intelligence to assess whether an expecting
mother may face serious complications during childbirth.
b) Another strategy involves using digital platforms to improve access to both routine and specialized care for pregnant
individuals, ensuring they receive timely attention throughout their pregnancy.
Studies have shown that high-risk obstetric patients who give birth in lower-acuity facilitiess—where medical resources and
expertise may be limited—are at increased likelihood of severe maternal health issues compared to those who deliver in more
advanced, high-acuity centers.

2. Healthcare Robotics

Beyond supporting healthcare professionals, certain robotic technologies directly aid patients in their recovery and mobility. For
instance, exoskeleton robots can help individuals with paralysis regain the ability to walk, promoting greater independence (Shi et
al., 2019). Another innovation is the smart prosthetic limb, which integrates sensors to enhance precision and responsiveness—
sometimes even surpassing natural limbs in function. These prosthetics can be equipped with bionic skin and linked to the user's
muscles for improved control. Robots also play a role in surgical procedures and rehabilitation. A notable example is the Hybrid
Assistive Limb (HAL) developed by Cyberdyne, which supports recovery from conditions like strokes and spinal cord injuries.
HAL uses skin-mounted sensors to detect bioelectrical signals from the patient and converts them into assisted movement at the
joints (Cruciger et al., 2016).

3. Genetics Al Data-Driven Medicine

Modern healthcare consumers are now more engaged in managing their own health, from using fitness trackers to understanding
their genetic information through genome sequencing. The vast amount of data collected from these sources is being integrated to
create a more comprehensive and predictive view of individual health conditions. This data-driven approach not only enhances the
precision and speed of diagnosis genetic disorders but also paves the way for highly personalized treatment plans tailored to each
patient’s unique needs (Hummel & Braun, 2020).

4.  Al-powered Stethoscope

A key benefit of digital stethoscopes is their ability to capture accurate readings even in noisy surroundings, unlike traditional ones.
Since these devices are user-friendly and require no specialized training, anyone can operate them and send the data remotely to a
physician (Prabu, 2021). This not only reduces the risk of exposure to infectious diseases like COVID-19 but also facilitates
improved healthcare delivery in remote locations and for patients with chronic conditions. Advances in artificial intelligence and
machine learning have enabled systems to detect health issues by identifying patterns and irregularities within large clinical datasets.
Just as blood behaves differently when flowing through a normal artery compared to one obstructed by a clot, Al can recognize
such variations to assist in diagnosis.Conclusion

Artificial intelligence is becoming increasingly integrated into everyday healthcare, offering support in both clinical and
administrative functions. Many Al-driven innovations are proving valuable across the healthcare sector, though the ways in which
they are applied can vary significantly. Some studies suggest that Al systems may match or even surpass human performance in
certain tasks, like diagnosing diseases. However, fully replacing human professionals in the broad spectrum of medical
responsibilities remains a distant possibility.

Although significant progress has been made, the use of Al in healthcare is still in its early phases. Ongoing research is still
ongoing to expand the technology's capabilities, promising further advancements in the years ahead across various sectors. Al and
machine learning hold great potential in the rapidly digitizing healthcare industry, with the ability to significantly enhance the
patients' quality of life.
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